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DISCLAIMER*

This program was written in Fortran IU for a Honeywe11 
M u 11 i c s 6 8 / 8 0 s y s t e ITI * * A11 h o i..i £ h p r o«! r a ITI t e s t s h a v e b e e n 
made? no Guarantee (expressed or implied) is made by the 
authors retfardinsJ accuracy or proper functioning of this 
p r o «{r a m o n a 11 c o m p u t e r s u B t e m s *

$ B r a n d o r m a n u f a c t u r e r s ' n a m e s u s e d i n t h i s r e P o r t a r e f o r
d e s c r i P t- :i. v e P u r P o s e s o n 1 y a n d d o n o t c o n s t i t u t e e n d o r s e m e n t
b y t h e U * 8 * G e o 1 o ss i c a 1 S u r v e y « 



M u 11 i c s D o c u in e n t a t i o n 
Program MQLMEMCPL

B y J a ITI e s K a ij a h :i. k a LI a B n d W a 11 e T L * A n d e r s o n

INTRODUCTION*

P r Q B r a in M Q i... M E H C!::' L (ft a r o u B r d t      L e v. e? n b u r $ E1 e o t r o m a ti n e t :i. c 
C o u Eli i"i $ ) :i. s a c? o in P u t e r P r o ̂  r a m w h :i. c h c a n b e u s e d t o i ri v e r t 
 p r e a LI e i"i c y      d o m B i n ? e .1. e c t r o m a ̂  n e t :i. c < E H) c o u P I i n B data f o r 
parameters of a layered earth model havin s either real or 
c o ITI P I e x c o i"i d u c 11 v i t :i. e s * E M c o u P 1 i ri 3 d a t a a r e m e a s u r e m e n t s 
of mutual impedance between two straight? Grounded wires at 
t h e e a r t 'n '' B s u r f a c e * D e t B i I s o f t h e o o m P u t a t i o n s a r e 
d e s c r i b e d 1 ri K a u a h i k B u a a n d A n d e r s o n <:!. 9 7 9 ) a ri d A n d e r s o n 
(1979s)* To simplify the programming? only the collinear 
dipole-dlpole array is considered and the complex 
c o n d u c t :i. v i t i e s a r e a s s u m e d to be d e s c: r i b e d b y a " C Q I e      C o 1 e " 
relaxation model (Pelton el al? 1978) whose parameters have 
bee i"! in o d 1 f i e d t o i m p r o v e t h e s t a b 1 1 i t y o f t h e i n v e r s 1 o n <  A n 
IM S I... ( 1 n t e r ri B t i o n a I M a t h e ITI a t i c a 1 B n d S t a 11 s t i c a 1 L i b r a r y ? 
1977) derlvati ve--f re&? LevenbursJ-Msrcausrdt (Brown and 
Dennis? 1972) y nonlinear least--s«uares subprogram (ZXSBQ) is 
used for the inversion* See appendix 2 notes for conversion 
t o o t h e r s y s t e m s w h e r e t h e IM S i... 11 b r a r y :i. s ri o t a v a i 1 a b 1 e *

T h e f o J. 1 o w i n $ P r o B r B m o P t i o n s a r e c u r r e n t.'!. y a v a 11 a b 1 e I

C:!.) Simultaneous (or Joint) inversion of amp.li tudep phase y 
r e B I P B r t B n d / o r a u a d r a t u r e p a r t o f t h e E H c o u p I i n B f o r 
m e a s u r e m e n t s m a d e a t v a r1 1 o u s f r e « u e r-i c i e B *

(2) Simultaneous inversion of EM coupling data for 
d i f f e r1- e n t d i p o I e B P a c i n ̂  s *

(3) Determ in a t ion o f e ither re a1 c on d u c11v i t i e s or
C o 1 e      C o I e c o in P 1 e x c o ri d u c t i v i t i e s * 

(4 ) S c a 1 i n «t P a r a m e t e r s a n d o b B e r v a t i o n B P B c e s t o c o n s t r B i n
the solution space and to reduce round-off effects*

(5) Weighted observations*
(6) H o 1 d i n B c e r t a i n P B r a ITI e t e r B f i x e d o r c o ri s t r B i n e d *
(7) Object-time format control of reading the observed data 

matrix < 
(8) Usj.ns an infinitesimal d:i.pole-dipole coupling model for 

P r e 1 i ITI i n a r y i n v e r s i o n < $ o o d a P P r o x i m a t i o n f o r 
dipole-spacin$s Greater than three dipole lengths) 
before us in 3 the more expensive finite--length 
d i P o 1 e -  d :i. P o I e m o d e I f o r t h e f i n a 1 B o 1 u t i o ri *
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PARAMETERS AND DATA REQUIRED,

Parameter's reouired by program HQLVEHCPL are input 
i..i s i n s F o r t r a n n a m e 1 i st read s t a t e m e n t s w :i. t h s p e c i f :i. c n a m e s * 
$ p a r m s a n d $ i n :i. t * N a m e .'I. i s t $ p a r m s c o n t a i n s P a r a m eter s w h i c h 
gove r n t h e n o n 1 i n e a r I e a s t   - s o u a r e s m i n i in :i. z a t i o n p a r t o f t h e 
p r o g r a m a n d n a m e I i s t $ i n i t c o n t a i n s p a r a m eter s w h i c h def :i. n e 
the form of the f i e1d data and the model and which define 
t h e m e t h o d s b y w h i c h t h e m o d e II. s a r e c a 1 c LI 1 a ted* Re a s o n a b 1 e 
default values have been incorporated into the program for 
most parameters and these are used whenever the 
correspondinB pa rameter i s omitted in a name1ist input* The 
i n p i..! t d a t a m a t r i x i s r e a d fro m a n o p t i o n a 1 a 11 e r n a t e f i 1 e 
(u n 1 e s s o verridde n) u s i n g a P' o T* t r a n o b J e c t      t i m e f o r m a t * 
Preceding the $pa rms statement is a reouired 80 (or 1ess) 
character t i 11e +

T he ge n e r a 1 orde r o f i n p u t t o p r o g r a m M Q1... V E M C P!... i s *

1 * Titie 1i ne (a1ways rea uired? ma x * B 0 cha ra cters)* 
2* $par iTi s           n o n      def a u 11 p a r a m eter s - - $

(note $parms may begin in col* 1 on Multics)*
3 - (Ob J e c t      t i m e f o r m a t) state m e n t def i n i n g t h e f o r m a t o f 

the input data matrix* Th e obJect fo rmat begins with a 
1eft parenth esis? "(" y P1a ced in co1 * 1 *

4 * The data matrix may be inserted here if the 
alternate-data-file option is not used (see $parms 
parameter ialt below)+

5 , $ i n i t  -      n o n      def a u 11 p a r a m eter s      - $
6 * Subseouent ru ns using the sa m e data matrix but with 

different $parms and $ i n i t parameters may be executed by 
repeating steps 1? 2 v 3 y and 5 (set $parms istop-0 and 
make sure that ialt does not eoual 5)*

The above general input order is required whether the 
Job is being run in time-sharing or batch modes (see Job 
operating instructions below)+

PROGRAM FILES,

fileOS title; input parameters $parmsy object format (for 
reading data matrix on unit ialt-10--default)y and 
$init parameters,

file06 output on-line printer file (see filelA for more 
detail output)*

filelO default input data matrix file read under the 
object format given in file()5, parameter ialt-10 
(default) may be changed to any file number other 
than 06*13? or 16, Note ialt-05 will mean the 
data matrix is included immediately after the 
object-time format on fileOS,
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filel3 output scratch disk file used as required durlns
execution of MQLUEMCPL* 

f:i.lel6 output master print-type disk f i le---eon tains
c o m P 1 e t e P r :i. n t a b 1 e o u t P LI t *

DETAIL PARAMETER AND DATA DEFINITIONS, 

$parms parameters (with defaults and cross--ref e fences) 'I

Cnames below prefixed with a "$" are not used by MQLUEMCPL? 
but are included here to assist in conversion if the CALL. 
1MSLMQ is replaced by CALL MARQRT (see appendix 2 paragraph 
6 o i"! t h :i. s t v P e o f c o n v e r B i o n ) '.'.I

i"! :::: N i..i in b e r o f o b s e r v e d d B t a P o 1 n t s y ( i ) ? i :::: :!. y * <  * ? n y 
where n<>200* The type of observation is 
e x P1i ci 11y d e f i n e d by $i ni t 1o b »

k= Total number of parameters (1 < :::: k< :::: minO(20?n) ) * 
T h e v a 1 u e o f k m u s t be e « u a 1 t o 2 * m m      .1. -f i c iri P 1 x $ 3« 
where $:i.nit parameter mm>0 is the number of layers 
i i"i t h e m o del? B n d i c m P 1 x < :::: m m i s t h e n u m b e r o f 
1 B y e r s w h i c h w 1 11 h a v e c o m P 1 e x c o n d u c t i v i t i e s * 
(e r e f £ $ i n i t P B r B m e t e r B m m y i c m P 1 x a n d $ P a r m s n y b ) *

:i.P ::;: Number of omitted parameters? i * e * ? number of 
parameters held fixed or constrained via array 
i b () t o i i"i i t i a 1 i n P u t v a I u e s s i v e n 1 n a r r B y b ( ) * 
Default :i.P :::: 0 with the restrictions that :i.p<k and 
n > "-  k      i P v 
(c ref I $pa rms k s> n y i b ( ) :   and b ) *

m :::: N i..i m b e r o f 1 ri d e P e n d e ri t v a r i a b 1 e s (m < ;::: 3) ^ i v e n i n 
the data matrix (y ( i ) ?x ( i ? J) y J-l y m) .<   i :::: l yn * The 
v a 1 u e o f m m u s t be dive n a s f o 11 o w s I

   " 1 w h e n $ 1 n i t P a r a m e t e r i o b < :::: 4 (d e f i n e s s P e c i f i c 
o b s e r v B 11 o n t y P e i n y (:i.) ) ?

:::: 2 when $:i. ni t parameter i ob ;::: u (defines mixed 
o b s e T^ v B t i o ft t y P e s i n y ( i ) v i a x ( i ? 2) ) «

:::: 3 when $in.it parameter iob-"6 (defines mixed 
o b s e r v a 11 o n t y P e B i n y (1) v i a x ( i y 2 ) B n d m i x e d 
d i P o 1 e -  d i P o 1 e s e P a r a t i o n s y n n y v i a x ( i ? 3) ) * 
(cref» $ pa rms iwty $:i. nit i obs> and DATA MATRIX 
N 0 T E S b e 1 o w f o r a .1. 1 d e f i n i t i o n B o f x ( i y m ) u s e d ) *

lalt :::: Input data matrix alternate logical unit number 
(default 10) for readins the data under the 
o b J e c t  -1 i m e f o r m a t s P e c i f i e d i n f i 1 e 0 5 * T h e v a 1 u e 
of ialt can be any value the operating system 
s u P P o r t s y b u t c B r\ n o t be e « u a 1 t o 6 y 13 y o r 16 * 1' f 
ialt-5 is used? then the data matrix
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( (a( i ) y x( i <? J) y J~:L y m) t :i. :::: l 9 n ) will immediately 
follow the object format on file?05« 
(cref* $P arms n y m? $in it io b)*

istop-- 0 to continue processing after completion of the 
current problem (i*e** a total restart) with the 
same data mat ri x as 1ast used? but by using a 
rev :i. s ed t i 11 e? $p a r m s ? o b J e c t -1 i m e f o r m a t y a n d 
$init parameters* Note that istop-0 can only be 
used whenever ialt is not 5 (since file ialt is 
rewound and read again). Also? all $parms and 
$init parameters previously used will be assumed? 
with the exception of array b(J) which must always 
be given*

= 1 (default) to stop the run after completion of the 
current problem* 
(cref* $parms byialt)*

iwt- 0 (default) for unweighted observations? i*e*? all n 
observations y(i)?i-l?**+?n will be weighted unity 
(with assumed standard deviations eoual to 1*0)*

- 1 for weighted observations given by the formula 
wt(i)-l*0/x(i?m+:l. )**2? where x(i?m-H) is the 
standard deviation augmented to the data matrix 
for the given m<=3* Note, wt(i)=l*0 is stored 
automatically if iwt=() or when iwt-1 and 
x(i?m+l)=0*() (to avoid division by 0)* 
(cref* $parms n?m? $init iob? and DATA MATRIX 
NOTES)*

* ider- 0 (default) to use analytic derivatives? which calls 
both forward problem (fcode) and analytic 
derivative (pcode) subroutines*

== 1 to use estimated derivatives? which calls only 
subroutine fcode* IZif converting to subprogram 
MARQRT (as in appendix 2)? then ider-1 must always 
b e u s e d ? since p c o d e i s a d u m my r o u t i n e Zl * 
(cref* $parms del)*

iprt- 0 (default) for standard abbreviated printout format 
for each iteration* Note scaled values of 
parameters b(J) and phi (sum of souares) will be 
given via parameter scalep*

- 1 for detail printout format for each iteration? 
which includes the parameter changes from the 
Marouardt algorithm* Cnote iprt-=l behaves like 
iprt---2? unless converting to subprogram MARORT3*

- -1 (recommended if scalepX) used) for abbreviated 
printout format for each iteration with printed 
unsealed values of b(J) but scaled values of phi*

= -2 same as iprt--l but also prints on file06 
n-observational lines containing* observed value
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(o b s :::: y ( i )) y c a 1 c u 1 a ted v a 1 u e (c al)y re s i d u a 1 
(res)y and x(i?l)« Note file!6 will always 
contain the complete obs-cal--res and x(iym) data 
printout* Option iprt--2 may be useful for 
time-sharing runs to examine oiT-line the final 
solution and residuals* 
(cref; $parms iout?sp and DATA MATRIX NOTES),

* niter- Maximum number of iterations allowed before 
accepting the results as "forced off" (default 
niter=10)* Four different types of convergence 
tests are possible one of which is termed "forced 
off"? which will occur whenever niter has been 
reached and one of the other convergence criteria 
has not been achieved* Using a small niter may be 
useful to monitor the progress for a large 
problem? and as an aid for achieving a convenient 
restarting procedure with the last b-vector as a 
new initial estimate*
(cref* $parms b and Marouardt (1963) for 
convergence tests used)*

* inon- 1 (default) to omit nonlinear confidence region
calculations*

= 0 to compute nonlinear confidence regions after the 
last iteration* This option calls subroutine 
fcode many times? and is not recommended for 
general use with program MQLVEMCPL unless one is 
interested in a detailed nonlinear statistical 
analysis of the final solution*
(see IBM Share program No* 1428 for more details 
on this option)*

* ff= Variance F-ratio statistic (default 4*0) used to 
compute linear support-plane confidence limits and 
nonlinear (if inon-0) confidence limits after 
convergence or niter iterations* The default 
value is adequate for most applications*

* t= Student's t-statistic (default 2*0) used to 
compute one-parameter linear confidence limits 
after convergence or niter iterations* The 
default value is adequate for most applications*

* e- Convergence criterion test parameter (default 
0+5e-4)* For exampley for 2-figure accuracy? use 
e-:*()l? for 3-figure accuracy? use e-*001? etc* 
[for MQLVEMCPLy e is equivalent to $parms eps (see 
below)]* 
(cref; Marouardt? 1963)*
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* tau~- Convergence criterion test parameter (default 
:i.e--3) * 
(crefl Marauardty 1963)*

* xl~ Initial Marauardt's lambda factor (default #01) to 
be added to the diagonal of the Jacobian transpose 
t :i. iTi e s ,J a c o b i a n m a t r i x * F o r s o m e v e r y 
:i. 11 - c o n d i 11 o n e d P r o h J. e m s ? o r f o r P o o T i n 11 :i. a 1 
pa ramete r est i mates ? a 1a rse r x1 (e * $ * ? 1*0) may 
prove to be advantageous*
(cref* Marouardt? 1963 and IBM Share program No* 
1428)*

t in o d 1 a m ::- 1 ( d e f a u 11) t o u s e a m o d i f i e d M a r a u a r d t I a m b d a 
method at each iteration as described in Tabsta 
and Ito (1973)*

";: 0 to use the original Mar«uardt (1963) lambda method 
a t e a c h i t e r a 11 o ri *

$ si a m c r       Mar & u a r d t' B c r 11 i c a 1 angle between the si r a d i e n t 
B n d a d J LI s t ITS e n t v e c t o r s ( d e f a u It 45*0 d e si r e e s ) * 
The value of gamer should not be set greater than 
90 d e $ r e e s * T he d e f a u 1 1 v a 1 u e i s LI s u a 1 1 y a d e « u a t e 
for most applications* 
(ere-H Marauardt? 1963)*

$ del- Factor used in finite-difference equations 
(default le--S)* Note del is used only when ider~:L 
for estimated partial derivative calculations* 
( cref *' $pa rms ide r ) *

$ zeta»" Singularity criterion for matrix inversion 
( d e f a u 1 1 1 e  - 31)? wh i c h ITI a « be selected ti r e a t e r 
than or eaual to the machine smallest exponent 
range *

* iout= Printout file()6 and fllel6 control*
::;: 1 (default) for printable output on both file()6 and 

file16*
:::: 0 for print output only on file()6*

Motel file.1.6 output may be useful for deferred 
output when running the Job from a time--sharing 
terminal? also* f:i.lel6 may be used as an input 
f 11 e f o r o t h e r p r o c e s s i ri si P r o ̂  r a m s ( e * si * ? P 1 o t 
routines)* In this version of the program? output 
to file06 has been reduced to take less time to 
printout on a time-sharing terminal? however? for 
:i.out :l. (default)? a complete printable output is 
a 1 (4 a y s give ri o ri f i I e 16 * 
(eref* $parms iprt)*
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scalep (equivalent names) is a parameter scaling 
option»

» 0 ( d e f a i..i 11) t o i g n o r e pa r a IYI e t e Y 1 s c a I i ri g < i <  e <  y t o 
u s e LI i"i s c a led P a r B m e t e r s ) *

:::: 1 (recommended for program MQLMEMCPL) to scale 
parameters b<J) using ln(b(J))y provided the 
initial h(J)>0 for all J :::: l y 2 y * * « y k « Note scalep"-! 
will automatically constrain the final solution 
space such that b(J)>0 for all J in (1yk)*

:::: 2 t o s c ale P a r a m e t e r s b (J) LI s i ri B a r c s i n h ( b < J ) ) * 
T hi i s o P t i o n a 11 o w s f o r I o B      t y P e P a r a m e t e r s c a 1 i ri g 
whenever b(J) is positive or negative for any J in 
(1 y k ) * 1-1 o w e v e r y f o r p r o g r a m M Q i... v1 E M C P!... y t h e 
initial parameters b(J)>0 must be given? hence 
SP :::: 2 should not be Lised <SP :::; 2 is defined here for 
P o s s i b 1 e LI s e 1 n o t hi e r a p P 11 c a t i o ri s ) * 
(cref* $parms by!O*

$ s y :::: s c a 1 e y (e « LI 1 v a 1 e ri t n a IYI e s) 1 s a ri o b s e r v a t i o n
scaling option* 

:::: 0 (d e f a LI 11) t o i g ri o r e o b s e r v a t i. o ri s c: a 1 i ri B ( i * e * y t o
use unsealed observations y( 

1 to scale observations y(
i. ) ) *

In (y ( i ) )
p r o v i d e d y ( i ) > 0 f o r a 1 1 1 :::: 1 y 2 y * <  * y n *

:::: 2 t o s c a 1 e o b s e r v a 11 o ri s y (1) u s i n g a r c s i ri h C y ( i ) ) <  
T n 1 s o P t i o n a 11 o w s f o r .'!. o g      t y P e o b s e r v a t i o n 
s c a 11 ri $ w h e n e v e r y ( i ) i s p o s i t i v e y ri e g a t i v e ? o r 
zero for any i in (1 y n)* A special case 
automatically occurs whenever sy ;::: 2y iob :::: 5? and 
b o t h a m p 1 i t u d e a n d P h a s e d a t a a r e i n c 1 LI d e d y i ri 
t h i s c: a s e y t h e HA R Q R T s LI b p r o B r a m w i 1 1 u s e 
1 n ( a m P 1 i t u d e ) o r B r c s i n h ( P hi a s e) a c c o r d i n B' 1 y * 
(cref? $init :i.oby fcpsrms n and DATA MATRIX NOTES)

bO  Array of initial B'uesses for all k--parameters * 
These values must be supplied Greater than zero 
f o r P r u s' r a m M Q1... V E H C!:: ' I... ( i * e * y P o s i t i v e c o n d LI c t i v i t y 
parameters and thicknesses)* The default values 
are set to b(J)=0 for all J~l to ky and would 
r e s u 11 i n a n e r r o r c o ri d 11 i o ri i f a n v b (J) w a s ri o t 
s i..i P P 1 led B" r e a t e T t h a n z e r o *

F o r $ i n i t i c m P 1 x :::: 0 y t n e P a Y^ a IYI e t e r o r d e r IYI u s t be 
a:i.ven as*

b (1) y b (2 ) y * * <  y b (mm ) are the mm 1 ay e r 
c Q \"\ d u c t i v i t i e s ( i n m h o s / m e t e r ) y a n d

b < m m -f 1) y b < mm + 2) ? # » + ? b ( 2 * m IYI  -1 ) a Y^ e t h e IYI m -1 1 a y e Y^ 
t h i c k i"! e s s e s ( i ri IYI e t e r s ) *

F o r $ 1 n i t i c m p 1 x > 0 y t hi e P a r a m e t e r o r d e r m LI s t be
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given as*

b(l)yb(2)?*»*yb(mc) are the me mmiicmp1x$3 1ayer 
conductivity parameters? including the Cole-Cole 
parameters (1) ? and

b(mc+1) ? b (mc4-2) ? * * * y b (mc+mm-1) are the mm-1 layer 
t h i c k ri e s s e s ( i n mete r s) *
(c ref*  !> p a r m s k yipyib a n d $ i n i t 
mm 9 iob y i cm P.1.x? Icmplx) *

ib()= Array of ip-indicies (i n any order) corresponding 
to a ny b() parameter held f ixed to its input 
va 1 ue* e*g*y i P--2 y i b < 1) :::: 3 ? i b (2) =5 w i 11 ho 1 d f i xed 
b < 3) f b (5) i n t h e 1 e a s t s o u a r e s * I f i p :::: 0 
(defau11) y leave out ar r ay ib in the name1ist + 
(cref* $parms :i.p?b)*

[ t h e f o 11 o w i n g $ p a r m s a re p a r a m eter s u s e d o n 1 y b y IM S I... 
subprogram ZXSSQy and cannot be used if converting to 
subprogram M A R Q R T as described in appendix 2]*

iopt= 1 (defau11) imp1i es strict descen t of the sum of 
sG ua re s is desired in the deriva tive-free 
Marouardt algorithm (ZXSSQ)y with default values 
used in the input array parm()*

== 0 i m p 1 i e s s t T* i c t de s c e ri t i s n o t ri e c e s s a ry (i*e*y t h e 
"best" or optimum Marouardt parameter used may not 
yield a strict decreasing sum of souares at each 
iteration)*

- 2 implies strict descent is desired with user 
parameter choices as given (or assumed) in input 
array parm()* 
(cref* $parms parm())»

parm()= array of length 4 required only when iopt-2* The 
default is Parm()-*01y2*yl20*y+ly where each 
element is defined by the corresponding index as 
follows*

i-1. y the initial value of the Marouardt parameter used 
to scale the diagonal of the approximate Hessian 
matrix? xJtJ? by the factor (l»04-parm( :!.))* A 
small value gives a Newton step* while a large

(1) Each Cole-Cole conductivity is described by 4 parameters* They 
are (in the order anticipated by program MQLVEMCPL through the $parms 
b() array) the zero-freouency conductivity? chargeabilityy frequency 
dependence; and time constant (Pelton el al? 19V8? FUNCTION COLE2 in 
appendix 1)* For example? the b() array for a two layer model with 
the second layer having a complex conductivity would be 
^ b-=s i g 1 y s i g2 ? cha r ge2 y f r odep2 y t i me2 y th i ck 1' *
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value gives a steepest descent step* (default 
parm CD ~»01 > *

i :::: 2 y t h e s c a 1 :i. ri g f a c t o r u s ed t o m o d i f y t h e M a r « u a r d t 
P a r a m eter ? w h i c h i s de c r e a sed b y P a r in (2) a f t e r a n 
i in m e d i a t e 1 y s u c c e s s f u 1 des c e n t d i r e c t i o n :   a n d 
i n c r e a s e d b y t h e so u a r e of P a r m(2> i f n o t * 
(def au 11 par m(2) :::: 2 where parm(2)> 1 must be used) +

i ~3y an upper bound for increasing the Mar«uardt 
parameter* The search for a descent point is 
abandoned i f pa rm (3) i s exceeded* pa rm (3) > :i. 00 i s 
r e c o m m e n ded+ (defa u 11 p a r m(3) :::: 120) +

i=4? value for indicating when central rather than 
forward differencing is to be used for calculating 
the Jacobian (par tia1 derivatives)* T h e switch is 
made when the norm of the gradient of the sum of 
s o i..i a r e s f u n c t i o n b e c o m e s s m a 11 e r t h a n p a rm (4) * 
Central differencing is good in the vicinity of 
t h e s o 1 u t :i. o n * s o p a r m ( A ) s h o u Id be s m a 11 * 
(default P3rm(4)~* :i.) » 
(cref* $parms iopt)+

n s i g -:: "i' h e f i r s t c o n verge n c e c r i t e r i o n * C o n verge ri c e i s 
s a t i s f i e d i f o n 2 s u c c e s s i v e i t e r a t i o n s y t h e 
p a r a m eter e s t i m a t es agree? c o m P o n e n t b y c? o m P o n e n t y 
t o n s i g dig i ts * (de f a u 11 n s i g :::: 3 ? u s i n g n s i g > 5 m a y 
n o t c o n verge s i n c e s i n gle pre c i s i o ri i s u sed) *

eps- The second convergence criterion * Convergence is 
statisfied if on 2 successive iterations the 
residual sum of squares estimates have relative 
differences <= eps+ (default eps=0»0)* 
(cref* $parms e? which is equivalent to eps)+

delta^ The third convergence criterion* Convergence is 
statisfied if the Euclidean norm of the 
approximate gradient is <= delta* (default 
delta=0*0)*

Note* The Marouardt iteration is terminated? and 
convergence is considered achieved? if any one of 
the three convergence conditions (nsig?eps? or 
delta) is satisfied*

maxfn- The maximum number of function evaluations (i*e*? 
calls to subroutine FUNC in ZXSSQ) allowed* The 
actual number of calls to FUNC may exceed maxfn 
slightly* Note* unless maxfn>0 is given? 
maxfn=2*k*niter is used as the default value* 
(cref* $parms k?niter? where default niter=10)*
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$end [end of $parms namelist]

$ i fi i t P a r a m eter s (w i t h def a u 11 s a n d c r o s s - re fere n e e s)

i o b - 0 b s erva t :i. o n - type de f i n ed f o r y (i)*
:::: 1 (default) defines y(i) as the amplitude of the EM 

c o u P 1 i n g (vo 11 s / a mpere) *
2 defines y(i) as the phase of the I :.'M COUP 11 ngy

expressed in (-p i * 1000 y 4-p i * 1.000) mi Hi radians* 
~ 3 def i n e s y(i) a s t h e re a 1 part o f t h e E H c o u p 1 i n g + 
::;: 4 defines y(i) as the Quadrature part of the EM

couF'l ing +
(n o t e * f o r i o b < :::: 4 ? m»: 1 m u s t a 1 s o be give n i n
$parms)* 

:::: 5 defines mixed observation-type frequency soundings
where the :i.--th observation type is given by
x(iy2)=l*0 for amplitudey =2*0 for phase* ='3*0 for
rea1 pa r ty or =4*0 for ouadrature pa r t of the EM
COUP!ing*
(n o te* f o r i o b :::: 5 y m :::: 2 m u s t a 1 so be give n i n
$parms)+ 

:::: 6 defines mixed observation-type frequency soundings
at different nn spacings where the i-th
o bserv a t i o n i s give r'i b y x ( i y 2 ) » t h e s a m e a s f o r
i o b=5y a n d t h e n n s p a c i n g i s give n i n x < i y 3 )  >
(note * for iob-A y m 3 must also be given in
$parms)*
(cref* $parms myb()y $ i n i t mmy nny and DATA MATRIX
NOTES)*

mm- Number of layers in the model (l<-mm<=10y default 
mm=l)*
Note* iTi a k e s u r e $ P a r m s k :::: 2 * m m -1 -f i c m plx*3* 
(cref* fparms kyb()y $ i n i t ioby icmplx)*

n n :::: D i P o 1 e s P a c i n gy s e P a r a t i o n betwee n c 1 o s est p o i n t s 
of source and receiver wires is given by nn*rl 
(n n > 0 y def a u 11 n n :::: 1 ? i g n o red whe n i o b=6) * 
(cref * $init iobyr1ys1)*

sl= Source wire length (meters)* 

rl= Receiver wire length (meters)*

kase= Type of wire model computation*
- 1 (default) for infinitesimal dipole-dipole

calculation* If rl=sly this is a good
approximation for nn>=3* 

= 2 for finite-wire (double integration) calculation*
(cref* $init fintllyfint!2y inlyin2y mevlymev2?

i if in) *
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Tolerance used for acceptance of Hankel transform 
ca 1 cu 1 ations (defau 11 to 1 :::: 1 *e     8) «

fintll= Tolerance for integration along source wire 
(default fintl 1-.-1 ,e-4> *

f i n 112 :::: T o 1 e r a n c e f o r i n tegr a t i o n a 1 o n g re c ei ver w :i. r e 
(default fintl2~l*e-6)»

i i"i 1 :::: T y P e o f i n tegr a t i o n d e s i red a c r o s s s o u r c e wi re*
:::: 1 (de f a u 11) f o r a d a P t i ve « u a d r a t u r e i n tegr a t i o n y
:::: 2 f o r n o n      a d a P t i v e a u a d r a t u r e i n tegr a t i o n *

i n 2 :::: T y P e o f i n tegr a t i o n d e s i red acr o s s r e c e i ver wire*
:::: 1 (de f a i..i 11) f o r a d a P t i v e « u a d r a t u r e i n tegr a t i o n v
:::: 2 for non-adaptive Quadrature integration*

mevl :~ Maximum number of function evaluations allowed for 
i n tesf rat i o n a c r o s s s o u r c e wi re (def a u 11 m e v:!. :::: 300) *

mev2 :::: Maximum number of function evaluations allowed for 
i n tegr a t i o n a c r o s s r e c eiver wi re (de f a u 11 
mev2<300)*

nfin- the interval in log-space (-0*2/nfin) with which 
the Guintic sp1ine nodes a r e ca1cu1a ted for th e 
double integration (default nfin~.l )*

icmplx- Number of layer conductivities in the model which 
are compiex (defau1t icmp1x=0)* Note* 
i cmp 1 xOm i n (4 ? mm) ? make su re $pa rms 
k=2*mm--1 + i cmplx*3 * 
(cref* $parms b()?k and $init mmylcmplx())*

lcmplx()= array of icmplx-indices (in ascending order) 
corresponding to the layers whose conductivities 
are complex? e*g* icmplx=2y lcmplx(l)=ly 
lcmplx(2)-2 signifies that the conductivity of the 
first and second layers are to be complex* If 
icmplx-Oy the Icmplx array is ignored* 
(cref* $parms b and $init icmplx?mm)*

$end [end of $init parameters]

A NOTE ON COMPLEX CONDUCTIVITIES

The complex conductivity function used by program 
MQLVEMCPL is slightly modified from the Cole-Cole function 
used by Pelton el* al* (1978)* The zero-freouency 
conductivity? chargeabilityy and frequency dependence are



Multics Documentation 
Program MOLMEMCPL

Page 15

the same? however* it was necessary to modify the time 
constant because of a serious correlation between it and the
frequency 
conversion

dependence 
is

parameter? c Therefore? the

time-constant(here) t i me-constant(Pe1ton)**c

The user may change the functional form of the complex 
conductivity as long as it still requires four parameters* 
Such changes should be made to the COMPLEX FUNCTION COLE2 in 
Appendix 1+

DATA MATRIX NOTES,

The data matrix is defined as the sequence of ordered 
rows* (y(i)?x(i?J)?J-l?m*)? where i = row number l?2?*+*?n? 
and m*=m+l if iwt=l? otherwise m*-m<=3* The data matrix is 
read on logical unit ialt (default 10) using an obJect-time 
format statement (see any Fortran manual)* 
items read depends on $parms m?iwt and 
previously defined* The various data matrix 
summarized as follows*

"he number of
$init iob as

options are

(a) Specific observation type? frequency sounding for 
amplitude? phase? real part? or Quadrature part of EM 
coupling (iob<-4? m=l? and a maximum of 3 items per 
record)*

1* y(i)- i-th observation? where $init iob<=4 defines
the particular type*

2* x(i?l)» i-th frequency (x(i?l)>0*0 Hz*)* 
3* x(i?2)= standard deviation of observation i

(include only if iwt-1)*

(b) Mixed observation types* amplitude? phase? real part 
and/or Quadrature part of EM coupling frequency 
soundings (iob-5? m=2? and a maximum of 4 items per 
record)*

1*

(i

:::: i-th observation (where actual type is 
defined by x(i ? 2))*

1)»:: i-th f reouency (x( i ? 1 )>0*0 Hz« ) *
2) :::: observation type iri y ( i ) ? use x ( i ? 2) = 1 * 0 

for amplitude? =2*0 for phase? =3*0 for 
real part? or =4*0 for Quadrature part of 
EM coupling*

3)- standard deviation of observation i 
(include only if iwt-1)* Note* for Joint 
inversion of amplitude and phase data? a 
weighted least souares should be used 
(iwt-1 option) to produce near--eQual



Multics Documentation Psse 16 
Program MQLUEMCPL

magnitudes«

( c ) M i x e d o b s e r v s t i o n t y P e s a n d dip o .1. e s p a c i n <3 s I s a ITI e a s 
(b) type data matrix with the addition of a column 
specifying the $:i.nit di pole spacing parameter nn 
( i o b ~- 6 ? m :::: 3 v a n d a m a x :i. m u m o f 5 i t e m s P e r r e c o r d ) *

1 * y (i) :::; i--th observation (where actual type? is 
def ined by x ( i ? 2 ) ) *

2 * x ( i f 1 ) :::; i      th f reouency (x ( i ?:!.) >0 y 0 Hz * ) *
3 * x ( i y 2 ) :~ obse rvat i on type 1 n y C i ) y x ( i y 2) "-  1 * 0 y 

2*0? 3* OP or 4*0 as described in (b) above*
4 * x ( i y 3 ) :::: f) i"! v a 1 i..i e t o u s e i n c o ITS P u t i n ti dip o 1 e 

s P a c 1 i"i ^ (x ( i ? 3) > 0 <  0 ) *
5 * x C1 y A ) :::: s t a n d a r d d e v i a t i o n o f o b s e r v a 11 o ri i 

( i i"! c i u d e o i"! 1 y i f i w t  - » :!.) *

The data matrix should be Grouped or ordered with ewual 
consecutive frequencies with respect to each observation 
type*

EXAMPLES OP INPUT PARAMETERS AND DATA ORDERING*

.'!. * E M c:: o u P 1 i n ̂  a ITS P 1 i t LI d e s o u n d i ri 3 y re a 1 c o ri d u c t i v i t i e s 
(default lob^lylcmplx^O)J

example 1 *
$parms n s=60y k-Suri 55 .'!. p :i.prt :::: --l y SP :::: 1 * i sit-5 r
h-*l P *05* * 033 r.1.00? 200* 

(2flO*0) 
1*98 1* 
1*85 1*6
          (e t c * f o r 5 8 m o r e o b s e r v a t i o n s )  -     
$ i ri 11 m m :;:: 3 y r1 i :::: 10 0 ? s 1 :::: 10 0 y n n :::: 2 y k a s e :::: 2 $

2 * E M c o u P 11 n .3 a m p 1 i t u d e s o u n d i n a y f i r s t 1 a u e r c o n d LI c t i v i t y 
i s c o m P 1 e x (def a u 11 i o b :::: 1 ? PS o t e t h a t f o u r n u m b e r s B r e 
required in the b() array to describe the complex 
conductivity of the first layer)*

example 2
$ p a r m s n :::: 6 0 ? k :::: 8 ? m :::: 1 y i p r t :::: - .1. y s P :::: J. y i a 11 :::: 5 y
b~* 1 y,2 y * 25 y1 * y* 05 P * 033 y 100 9 200$ 
(2f10*0) 
1*98 I* 
1*85 1*6
 - -(etc* for 58 more observations ) - -
 init mm-35' icmplx-:!. y lcmplx ::"l y rl~:I.OO* si = 100 s>nn ::"2?kase ::"2$

3 * Mi x e d o b B erv a 11 o n t y P e s (1 o b :::: 5 ) y a m P 111 u d e a n d P h a s e o f 
E M c a u P 11 n ̂  ? a n d w e i ti h ted o b s e r v a t i o ri s ( i w t :::: 1) *
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example 3
$ P a r m s n :::: 10 0 y k - 5 y m :::: 2 y 1 P r t :::: - 2 ? s P :::: 1 y i w t :::: i y i a 11 :::: 5
b^*ly *05y * 033r100*200* 
(4f10*0) 
0*201 1*2 1* *05
-914*6 1*2 2* *08 
0*2987 4* 1* *05
-964*0 4* 2* *()9
-- -(etc* for rest of sounding)--
$init mm-3? iob-5y rl :-:l.00ysl-100 ynri-2y kase-: 2$

SPECIAL OBJECT FORMAT PHRASES*

One maw use special Fortran object formats to skip 
observations without changing the data matrix* For example* 
i f w e w i s h t o u s e o n 1 u t h e P \'\ a s e d a t a i n e x a m pie 3 above? we 
could set rv-50 and use the format C/4f10*0)* Similarly? if 
we wanted onlw amplitudes to be used in example 3? then the 
f o r1 ITI a t (4 f 10» 0./ ) w o u 1 d a c c o m P 1 i s h t he d e s i red r e s u 11 < 

Also* if an existing data matrix file does not have the 
proper defined column ordering in the form 
(y (:i.) 9 x( i y J) y J-l ym) ) y then the Fortran "tn" format phrase 
maw be used to begin at any column n in the data record* 
F o r e x a in p 1 e y t h e f o r m a t < 141 y f 10 * 0 y 11 9 3 f 10*0) w i 11 s e 1 e c t 
y(i) using col *41-50 and x(i 9 1) beginning at col*l*

MULTIC8 OPERATING INSTRUCTIONS*

Initially!' one should add the following libraries (via
the command "asr") to his search rules on the Denver
M u 1 1 i c:: s s y s t e m a f t e r t h e w o r k 1 ri g d 1 r e c t o r y *
>udd>Emodl....invXJKauahikaua>exec....segs y
> LI d d > E IT! o d 1.... i n v > W A n d e r s o n > 1 i b.... e m ?
>udd>Emodl.... 1 nv>WAriderson>l i b.... 1 y and >:i.ml>imsl *

E11 h e r a 11 a c h " f i I e 0 5 " t o B P r e d e t e r m i ri e d a s c i i ( s t r e a m) 
p a r a m e t e r f i 1 e y o r I e t f i 1 e 0 5 d e f a u 11 t o " u s e r.... i n P u t" 
(:i.*e*y the user's terminal)* The order of parameters 
and data on file05 must be given as defined in the 
section PARAMETERS AND DATA REQUIRED above* To attach 
file05y type* 
i o B 11 B c h f i 1 e 0 5 v f i 1 e.... P a r a m e t e r.... f i 1 e.... n B m e

3 * A11 a c I' } " f i 1 e 10" t o a ri 1 n P u t d a t a m B t r i x B s c i i f i 1 e i f 
isIt-10 (default) is used* If :i.alt :::: 5 is selected? then 
i g i"! o r e t h i B s t e P y b u t i n c 1 LI d e t h e d a t a m a t r i x f o 11 o w i n g 
t 'n e o b, J e c t -1 i m e f o r m a t o i"! " f i 1 e 0 5"  - - see e x B m pie s 1 t o 3 
a b o v e * I r\ P r a c t i c e y 11 :i. s u s u a 11 w best t o u s e d i s t i ri c t
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f :i. 1 e s f i 1 e05 a n d f i 1 e 10 f o r p a r a m eter s a n d d a t a 
r espe c tive 1 y + T o a 11 a c h f i 1 e 10 ? type* 
i o a 11 a c h f i 1 elO v f i I e... d a t a.... f i 1 e.... n a m e

4* Set the underflow condition handler off by typing * 
set-_uf 1 -off

5+ Execute program MQLVEMCPL by typing* molvemcpl

If fi1e 0 5 was not a11ached? then the user must 
anticipate the reouired ti11e y $par msy obJect format y and 
$:i.n:i.t to be typed on "user-input" <  Prompt messages are not 
printed on the terminal+

Note "f i1e16" is the complete print fi1e (no rma11y d isk 
o n M Li 11 i cs ) y a n d " f i 1 e 0 6" i s a Iway s t h e o n      1 i n e ter m i n a 1 
print f i 1 e * F:i. Iel6 should either be deleted or dprinted to 
a line-printer after running program MQLVEMCPL* Also? 
fi1e13 (if used) shouId be deleted after running the 
program* To submit the Job as a batch Job (called absentee 
on Multics)? prepare steps 1 through 5 as above in a 
segment with *absin suffix and use the "enter_.abs.»re«uest" 
command*

ERROR MESSAGES*

Most parameter and/or data errors are noted by 
self-explanatory messages appearing in the printed file(s)? 
and the Job is terminated* For example? the message 
"error some $parms out of range" means that a violation (or 
omission) of a required parameter range has been committed 
in the $parms namelist* Check all $parms values? correct? 
and resubmit the Job*

Exponent underflow may occur when the argument is less 
than 10**-38 on Multics? this is not fatal since 0*0 
replaces all underflows* To suppress the underflow 
messages? the command "set_ufl -off" can be used prior to 
executing MQLVEMCPL*

Exponent overflow and/or arithmetic overflow messages 
will terminate the run under Multics control* An overflow 
condition usually means a very poor initial parameter 
estimate was given in array b() for the model (mm) chosen* 
First check that all $parms? $init? data matrix values? and 
obJect-time format are correct* If no errors are found? 
then try to revise the model (mm) and/or use better guessed 
estimates for the starting parameters in array b()«

If any parameter begins to approach zero or become 
unbounded during the least squares iterations? then one may
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f :i. x (c o n s t r a :i. n) t h e par a m e t e r to a r e a s o n a b 1 e v a 1 u e ? a r-i d 
restart the program to obtain a constrained least squares 
s o 1 u t i o n * T h i s i s u s u a 11 y T% e « u :i. r e d w h e n t h e d a t a a r- e n o t 
s u f f i c :i. e n t t o r e s o 1 v e a 11 t h e P a r a m e t e r s f o r t h e m o d e 1 m in 
chosen*

DECIPHERING THE PRINTED OUTPUT

Results are printed on logical unit 6 (file06) and on 
unit 16 (f :i.le:i.6) * A complete sample output listing of 
file16 has been included for reference in Appendix 3*

T h e f o 11 o w i ri B table d e f i n e s a d d i 11 o n a 1 n a m e s o r t e r m s 
used in the printed output files which have not been 
previously defined as *-i>parms or $:i.nit parameters* Names 
prefixed with a "*" are not used by MQLVEMCPL > but are 
included here in case the CALL IMSLMQ is replaced by CALL 
MARQRT as described in Appendix 2* Names prefixed with a 
"%" apply only to IMSLMQ printout (see IMSL* 1977* 
documentation of ZXSSQ for details on these output names)* 
Names without any prefix apply to both IM8LMQ and MARQRT 
printed output*

.term

"/» gradient the gradient vector (scaled via $parms 
s P ) c o r r e s P o n d i n g t o t h e f i n a 1 s o 1 u t i o n *

% norm of gradient length of gradient vector*

% est* sign* digits estimated number of significant digits
of the solution*

% marauardt parameter     or-- * lambda
M a T a u a r d t C19 6 3 ) 1 a m b d a f a e t o r i- o b e 
added to the diagonal of the Jacobian 
transpose times Jacobian matrix at each 
iteration (final iteration for IMSLMQ)*

% ssw --or- #phi

# iter

w e i g h ted s u m      o f      s « u a r e s r e s i d u a I 
function defined over the n 
o b s e r v a t i o ri s ? t h e v a 1 u e o f t h e f u n c t i o n 
to be minimized by nonlinear least 
squares *

major iteration count where 
l< :::: i terOniter *
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* s_e -or- se standard error of estimate (or weighted
root mean souare error) defined as se - 
sort(ph i/(n-ki i p))*

* length length of the Marouardt adjustment
vector*

* gamma angle (in degrees) between the gradient
and Marouardt adjustment vector*

* -epsilon test convergence test passed whenever
abs(delta(J)/(tau+abs(b(J)))<e for all 
Jy where delta is the adjustment vector 
and b is the parameter vector*

* gamma lambda test convergence test passed whenever
lambda>l and gamma>90 degrees* This 
criterion is used? rather than the 
standard epsilon testy when the 
parameter corrections are dependent on 
large rounding errors almost certainly 
due to the presence of very high 
correlations among the parameter 
estimates*

* gamma epsilon test
convergence test passed whenever 
gamma<gamcr* This criterion is used if 
parameter increments become small enough 
to pass the epsilon test as a result of 
successive halving of the increments* 
When this o c c u r s y t he v a1u e o f p h i i s 
presumed m i n i m i z e d w h i t h i n t he 1i m i t s o f 
the rounding error*

* -force off no convergence after niter iterations*

obs* y(i) observed y(i) input dependent variable
for i = 1.y***yn*

cal calculated dependent variable for
i=ly***yn*

res residual - (obs* y(i)) - cal for
i   1 y * * * y n +

* %res*err percent residual error - l()0*res/cal*

x(iyJ) input x(iyJ)yJ-lym independent variables
(see DATA MATRIX NOTES for specific 
definitions)*
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* -unsealed forced scalep-scaley-0 after the last
iteration to produce unsealed statistics 
o n c o n verge r*i c e or f o r c e o f f *

* partials -or- % Jacobian (xJtJ)
(*-unsca1ed ? %-sca1ed) par t i a1 derivative 
Jacobian matrix* The derivatives are 
the changes in the model calculations 
with respect to changes in the 
parameters*

* ptp inverse -or- % xJtJ inverse
inverse of the Jacobian transpose matrix 
times the Jacobian matrix*

correlation matrix parameter correlation coefficient matrix
derived from the (*) ptp or (%) xJtJ 
inverse matrix*

std error(J) parameter standard error defined as
error(J)=("-unsealed-"se)*so rt(ptp(J ? J))«

* one-parameter one-parameter lower and upper linear
confidence limits? based on Student's 
t=2*0 (default)*

* support plane linear lower and upper support plane
confidence limits? based on variance 
F-ratio statistic ff-4*0 (default)*

std*err/parm parameter relative error defined as std
e r ro r(J)/pa ramete r va1ue(J)*

r h o(0) zero-f re « u e n c y r e sis t i v i t y o f s p e c i f i e d
layer*

resistivity(i) real resistivity of i-th layer*

charge a b i 1 i t y C o 1 e - c o 1 e c o m p 1 e x T* e s i s t i v i t y
chargeability«

c Cole-cole complex resistivity
f r e o u e n c y-d e p en d e n c e param e t e r +

t a u C o 1 e      c o 1 e c o m p 1 e x T" e s i s t i v i t y t i m e
constant *

1 y r 1 a y e Y* i n d e x f o T' t h i c k n e s s e s a n d d e p t h s v 

depth(i) depth to the bottom of the i-th layer*
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A P P e i"i d i x 1 v       - S o i..i r c e J. i s t i n s

T h e a 11 B c n e d s i..ibproB r a m s 3 r e .1 i s ted w :i. t h b e a i i"i n i n s 1. i n e 
n u m b e r s i n t h e f o .1 1 o w :i. n a o r d o r £

COMPLEX FUNCTION COLE2 ( F y SO yRM r C y TAU ) 
COMPLEX FUNCTION CZEX ( B 9 NEW y R ) 
SUBROUTINE EEMCPL < Y 9 X y FARMS y K y N y TITLE y I OUT ) 
COMPLEX FUNCTION EXCB2) 
COMPLEX FUNCTION F3(G) 
COMPLEX FUNCTION F7(0)
COMPLEX FUNCTION F7GCG) 
COMPLEX FUNCTION F12CG) 
COMPLEX FUNCTION F13CG)
SUBROUTINE FCODE ( Y y XM y FARMS y PRNT yF y IF y IDER)
COMPLEX FUNCTION FINFUN(X) 
COMPLEX FUNCTION F1NQ C BEL y R y TOL >
COMPLEX FUNCTION FINQDF ( DEL yRl y R2 y R3 y R4 y TOL y NEW )
COMPLEX FUNCTION FUNINT(X) 
SUBROUTINE IEMCPL < BY y XM y B y PRNT y NPRNT v ND y TITLE y I OUT ) 

C*#*#* MQLMEMCPL %$*$* 
SUBROUTINE QPOINT ( NY y Y y B y C y D , E y F , XI y BELX y XX y YY ) 
SUBROUTINE QUINT ( NY * Y * B y C y D y E yF )
SUBROUTINE RECUR2 ( G yUl y Fl H...1 ) 
SUBROUTINE RECURS ( G > VI   |-M. ) 
SUBROUTINE SETSPL ( RUNG t DEL y RMAX y RMIN )

C----ZQUAD PACKAGE ( ZBLOCK , ZQUADI , ZSUB1 « ZSUBA1 < ZQUAB2 y ZSUB2 , ZSUBA2 )
COMPLEX FUNCTION ZEX(BjNEWyR)

COMPLEX FUNCTION ZHANKQ(X?FUN?TGLH...> 
COMPLEX FUNCTION ZLAGHO ( X ? F UN y TOL y L v NEW )

SUBROUTINE ZQUADl < A ? B y RESULT H< y EPSIL ? NPTS y [CHECK * F y ME v1 ) 
SUBROUTINE ZQUAB2 ( A , B , RESULT yK nli.'PSIL. >> NPTS y u;HECK H:" y MEM ) 
COMPLEX FUNCTION ZSUBKAy 'By EP^'lLv NPTSy [CHECK? RELERRy FyMEM)
COMPLEX FUNCTION zsiJB2<A* By EP$;:M. , NPTS^ i:cHECKy RELERRV FMMEM)
COMPLEX FUNCTION ZSUBAKAy By EF'SlL.y NPTSy ICHECKy RELERRy FvMEM) 
COMPLEX FUNCTION ZSUBA2(Ay By EF'SJLv NPTSy ICHECKy RELERRy FyMEv) 
SUBROUTINE POLAR ( ZR y ZI y DEG y AMP )
SUBROUTINE ERRMSG ( MSG y M5 y 16 y 19 )
c o M F- 1... i;;: x F u N c T i o N z H A N K s ( N ? B ? F u N y T o L y N F y N i;;: w )
SUBROUTINE SAUER(J,J) 
SUBROUTINE IMSLMQ ( SUBZ y SUBENjP ) 
SUBROUTINE FPXSSQ < C y N y KIP y F ) 
SUBROUTINE LNXSSQ ( C y N y KIP y F )

OOOOOOK)
oo oo 0:1.20
00000390 
0000:1140 
00 00 13 90 
0000:1470
00001590 
00001710 
00001800
00001880
00003090 
00003510
00003670
00004700 
00004860 
00005980 
00006160 
00006330
00007100 
00007450 
00007760
00008420
0001 1.500 
0001 17 10 
00013460 
00015700 
00016300 
00016900 
00017860 
00018820 
00019700 
00020580
00020840 
00021070 
00024490 
00024680 
00027890 
00028220

S o LI r e e A v s i 1 B b :i. 1 :i. t y

The current version of the source? code maw be obtained 
by writing directly to the author* A magnetic tape copy of 
the source code will be sent to requestors to be copied and
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returned to the author + This method of releasing the 
program was selected in order to satisfy requests for the 
1atest updated version* The magnetic tape wi11 be recorded 
in the following mode (unless otherwise requested)*

Industry compatible* 9-track? unlabeled? EBCDIC mode? 
odd-parity? 800 bpi density? 80-character records 
(unblocked card images); and contained on one file*

Note* The source code for all IMSL Library routines used 
(ZXSSQp LEQT1P; LUDECP; LUELMPy L1NV1P? and UKRTST) are only 
available from International Mathematical and Statistical 
Libraries (1977)? whose address is given in the reference*
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COMPLEX FUNCTION COLE2(FpSOfRMyCfTAU)
COMPLEX Z;ONE
DATA ONE?HAFPI/(1,0*0*0)yl*570796327/
OMEGA»=6,28318531*F
ARG=HAFPI*C
Z=CMPLX(COS(ARG)ySl'N(ARG))
R^(OMEGA**C)*TAU
Z="ONE/<ONE4-Z*R)
COLE2=SO/(ONE-RM*(ONE-Z))
RETURN
END

COMPLEX FUNCTION CZEX(BfNEWvR)
 CZEX COMPUTES THE P(R) TERM WHICH IS 
DOUBLE INTEGRATED OVER FINITE LIMITS, 
IT IS PART OF THE EQUATION FOR THE 
ELECTRIC FIELD OF AN ELECTRIC DIPOLE+

B INDUCTION NUMBER
R DISTANCE
NEW CONTROLS ZLAGHO INTEGRATION

 CZEX IS IDENTICAL TO ZEX EXCEPT THAT 
IT ALLOWS FOR COMPLEX CONDUCTIVITIES 
WHICH ARE COMPUTED BY USER-DEFINED COMPLEX ROUTINE 
SIGMA

COMPLEX ZLAGHOyTWODEL3yONEySlGMA*SIGMAl?CB?CK
EXTERNAL F3
COMMON/CFLAG/CK(10)?ICMPLX
COMMON/PARM/ISTEPyAlyA2,A3,SIGlpA5yMyTOL
COMMON/CONST/DEL;DEL2?TWODEL3
DATA ONE/(l,OyO,0)/
CZEX»CMPLX(0,OyO,0)
CBmCMPLX(B?B)*CSQRT(CK(l))
IF(M,EQ,1) GO TO 2
CZEX:=ZLAGHO(ALOG(B);F3,TOLyLW,NEW)/B 

2 CZEX=TWODEL3*CZEX+(ONE-(ONE+CB)*CEXP(-CB))/R**3
RETURN
END

SUBROUTINE EEMCPL(YyX;PARMSpKpN*TITLE#IOUT)

TERMINATION ROUTINE FOR NONLINEAR LEAST SQUARES INVERSION 
OF EM-COUPLING DATA

CHARACTER*5 TITLE
COMPLEX CK;Z
DIMENSION YCL)pX(200,5)yPARMS(l)pTITLECI.A)
COMMON/EM/IOBfRLyFINTLlyINlfMEVlyLCMPLX(4)?NSIG;R(4)yZpKASE
COMMON/CFLAG/CK(10)pICMPLX
WRITE(6?10) TITLE
IF(IOUT»EQ»1) WRITE(16,10) TITLE

00000010
00000020
00000030
00000040
00000050
00000060
00000070
00000080
00000090
00000100
00000110

00000120 
00000130 
00000140 
00000150 
00000160 
00000170 
00000180 
00000190 
00000200 
00000210 
00000220 
00000230 
00000240 
00000250 
00000260 
00000270 
00000280 
00000290 
00000300 
00000310 
00000320 
00000330 
00000340 
000003SO 
00000360 
00000370 
00000380

00000390
00000400
00000410
00000420
00000430
00000440
00000450
00000460
00000470
00000480
00000490
00000500
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10 FORMAT CI.2H1E M C P L y5Xy!6A5// 
1 28H FINAL UNSCALED PARAMETERS--/) 
MM~(K-fl>/2 
M2»MM+1
IF(ICMPLX*GT*0) GO TO 100 
WRITE(6yl5)
IF(IOUT*EQ*1) WRITE(16yl5)

15 FORMAT<32XyllHRESISTIVITYy2Xy3HLYRylOXy5HDEPTH/) 
DO 30 I~lyMM

RES~1*/PARMS<I> 
WRITE(6y20) lyPARMSd)yRES
IF(IOUT + EQ + 1) WRITE(16y20> I y PARMS< I) y RE8 

20 FORMAT(5XyI3y4Xy 5E16* 8) 
30 CONTINUE

IF(K+EQ,1) RETURN
D»0 + 0
DO 50 I--M2yK

D=D+PARMS(I) 
L«I-MM
WRITE(6 y40) I?PARMS(I),LyD 
IF(IOUT«EQ*1) WRITE(16y40) IyPARMSCI)yLyD 

40 FORMAT(5XyI3y4XyE16+QylAXyI3y4XyElA»8) 
50 CONTINUE

RETURN 
100 WRITE(6yllO)

IF(IOUT*EQ*1) WRITE(16yllO)
110 FORMAT(34Xy6HRHO(0) yAXyl3HCHARGEABILl'TYy8XylHCy.l4Xy3HTAU/) 

KOUNT=0
MM-»(K-fl-3#ICMPLX)/2 
DO 130 1=1yMM 

IFLAG=0
SIG=:PARMS(KOUNT#4 + I-KOUNT) 
DO 120 J=lyICMPLX

IF(LCMPLX(J)»NE+I) GO TO 120 
IFLAG»1 
KOUNT=KOUNT+1 
INDEX=(KOUNT-1)*4-H-KOUNT 
SIG=PARMS(INDEX4-1) 
RM=PARMS(INDEX+2) 
C=PARMS(INDEX+3) 
TAU=PARMS(INDEX+4) 
GO TO 125

120 CONTINUE 
125 RES--1*/SIG

IF(IFLAG*EQ*0) WRITE(6y20) lySIGwRES 
IF(IOUT,E»+1+AND,IFLAG+EQ»0) WRITE(16^20) IySIG;RES 
IF(IFLAG*EQ»1) WRITEC6^20) IySIGyRESyRMyCyTAU 
IF(IOUT«EQ*1*AND*IFLAG*EQ*1) WRITE(16y20) IySIGyRESyRMy 

130 CONTINUE
IF(K+EQ»4) RETURN
WRITE(6?140)
IF(IOUT+EQ»1) WRITE(16yl40)

TAU

00000510
00000520
00000530
00000540
00000550
00000560
00000570
00000580
00000590
00000600
00000610
00000620
00000630
00000640
00000650
00000660
00000670
00000680
00000690
00000700
00000710
00000720
00000730
00000740
00000750
00000760
00000770
00000780
00000790
00000800
00000810
00000820
00000830
00000840
00000850
00000860
00000870
00000880
00000890
00000900
00000910
00000920
00000930
00000940
00000950
00000960
00000970
00000980
00000990
00001000
00001010
00001020
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140 FORMATC/4SXy3HLYR?1OXySHBEPTH/) 
M2-NSIG-H 
ti^O»0 
DO 150 :i>M2?K

D^D-fPARMS(I)

lyPARMS(I)yLyD
) WRITE(16^40) JyPARMS(I)

WRITE(6y40) 
IFdOUT,EQ* 

150 CONTINUE 
RETURN 
END

COMPLEX FUNCTION EX<B2) 
COMPLEX ZHANKO r ZHANK 1 y XX y YY y CB y CK 
COMMON/CFLAG/CKC1.0) ylCMPLX 
COMMON/PARM/1S y X y Y y R y SIG1 y BNYQ y M * TO 
COMMON/FX/XR2 

NOTES XR2 PASSED TO F:!.l 
EXTERNAL F7yF.U

DEL^R/B

XR2'*X#X/R2 
BL=ALOG(B)

10

IFC1CMPLX*GT«0) CB~CB*CS«RT< CK< .1. > )

.TF(M*EQ*1) GO TO 10 
XX^ZHANiU ( BL y F7 y TOL ? LW) /B 
YY~ZHANKO(BLy|"llyTOLyLW)/B 
E: X ~ (1 * - 2 * # X R 2 ) * X X / R -  Y Y / D E L.
EX==EX~CMPLX(OtOyDEL2/(R2*R) ) * ( CMPI...X (1 *-3* 

.  {  ( C M F! i... X (1 . 0 y 0 » 0 ) -f C B ) * C E X F1 ( - C B ) ) 
E X ~ E X # C M P i... X ( 0 » 0 >> 1 , / ( 6 * 2 8 318 5 3 * S 1 G1 # D E L 2 ) ) 
RETURN 
END

COMPLEX FUNCTION F3(G) 
COMPLEX VlyFlyCyONE 
DATA ONE/(l*OyO*0)/ 
CALL RECURS(GyVlyFl) 
C^-G

RETURN 
END

COMPLEX FUNCTION F7(G)
COMPLEX y:UFl H... 1.1:1. ? ONE? TWO? C.FN7
COMMON/SAUE7/FN7<283> ?G7<283) ? N7
DATA 1 1 ? ONE y TWO/ ( 0 * 0 <, 1 , 0 ) y < 1 . 0 y 0 * 0 > * ( 2 * 0 v 0 , 0 ) /
CALL RECUR2(GvUl *F1 H...1 )

00001030 
00001040 
00001050 
00001060 
00001070 
000010SO 
00001090 
00001100 
00001110 
00001120 
00001130

00001140
00001150
00001160
00001170
0000.1180
00001190
00001200
00001210
00001220
00001230
00001240
00001250
00001260
00001270
00001280
00001290
00001300
00001310
00001320
00001330
00001340
00001350
00001360
00001370
00001380

00001390
00001400
00001410
00001420
00001430
00001440
00001450
00001460

00001470
00001480
00001490
00001500
00001510
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FN7(N7)--=.Tl*yi#<L.:l.-ONHL')
G7(N7)»G
F7~FN7(N7) + (TWQ*VJ.*(ONE--F1
RETURN
END

C-f Vl*F:l ) *(C-fVl

COMPLEX FUNCTION F7GCG)
 KERNEL OF HANKEL TRANSFORM USED BY 
ROUTINES FINQ AND SCHCOPL
 CALLS RECUR2

COMPLEX VlyFiyLlynyGNEVrWOyC
DATA 1 1 M ONE y TWO/ (0*Oyl*0)y(:L*QyO,0)y(2»()y()*0)/
CALL RECUR2(GyVl yFlyLl )
OG
F7G«Il*Vl*(Li--QNE)-f(TWO*Vl*(aNEH-:l. ) )/( (C+V1*F1 )* (C+V1 ) )
F7OF7G/G
RETURN
END

COMPLEX FUNCTION F:I.2(G)
COMPLEX Ml vFl yL.1. yllyGNEyTWOyC
DATA 1 1 y ONE 9 TWO/ ( 0 * 0 y 1 * 0 ) y ( 1 * 0 y 0 * 0 ) y ( 2 » 0 f 0 * 0 ) /
CALL RECUR2<GMUJ.yFlyLi)
C""G

F 12= I1*V1# (LI-ONE) + ( TWO* V1*<ONE-F.1.) )/( (C-f V1*F1 ) *(C + VI ) )
F12==C*F12
RETURN
END

COMPLEX FUNCTION F13CG)
COMPLEX II >C* VI y Fly LI v ONE
DATA 1 1 9 ONE/ (0*Oyl*0)y(1.0yO,0)/
CALL RECUR2(GyVlyFlyLl)
C=G
F13=C*n*Vl*(Ll"GNE)
RETURN
END

SUBROUTINE FCGDE ( Y y XM y FARMS y PRNT yF  > IF * IDER )

FORWARD MODELLING ROUTINE PATTERNED AFTER PROGRAM 
EMCUPLv WITH A FEW IMPORTANT DIFFERENCES

FOR KASE~ly A TRUE DIPOLAR ELECTRIC FIELD 
IS CALCULATED

FOR KASE="2y THE FINITE WIRE MODEL IS USED,

WRITTEN BY JKAUAHIKAUA? USGSy SEPTEMBERy 1978

D I MENS I ON Y ( 200 ) y XM ( 200 y 5 ) y PRNT ( 5 ) y SO ( 4 ) y RM ( 4 ) y C ( 4 ) y TAU ( 4 ) 
1 PARMS(l) yOLIJB(20)

00001520 
0000:1.530 
00001540 
00001550 
00001560 
00001570 
00001580

00001590
00001600
00001610
00001620
00001630
00001640
00001650
00001660
00001670
00001680
00001690
00001700

00001710
00001720
00001730
00001740
00001750
00001760
00001770
00001780
00001790

00001800
00001810
00001820
00001830
00001840
00001850
00001860
00001870

00001880
00001890
00001900
00001910
00001920
00001930
00001940
00001950
00001960
00001970
00001980
00001990
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400

COMPLEX CKyZyZSUBlyZSUBAlyZERRlyEXyCOLE2yFIN«DF
EXTERNAL CZEXyZEXyFINFUN
COMMON/CFLAG/CKdO) yNCMPLX
COMMON/EM/IOByRLyFINTLlyINI?MEMlyLCMPLX(4)yNS!GyRlyR2yR3yR4yZ
COMMON/MODEL/RK(10)yDD(9)yM
COMMON/TH1CK/D(9)
COMMON/PARM/ISyAlyA2yA3ySSIGlyA5yNLYRyTOL
COMMON/ENDS/XXMyYYMyXXNyYYNyDS
COMMON/FIN/RMAXyRMINyRyHFLySIGlyXXyYY

IFdF + EQ,l) OLDF=0 + 0
IF(1F+EQ»1) OLDN=0,0
IFdDER,EQ + 0) GO TO 400
NPARMS=2*M'-1
IF(NCMPLX + GT«0) NPARMS»NS1G+(M-l)
DO 397 I^lyNPARMS

IF(PARMSd)»NE,OLDBd)) GO TO 398
CONTINUE 

GO TO 400 
DO 399 1=1yNPARMS

OLDBd)«PARMSd) 
GO TO 401
1F (XM dF y 1) * EQ * OLDF * AND * 1 OB »I. 
IF(XM(IF y1)* E« * OLDF * AND«XM(IF y 3 
IF(XMdFyl)*EQ«OLDF) GO TO 100 
OLDF^XMdFyl)

5) GO TO 200
E«,6) GO TO 200

IF(NCMPLX+GT+0) GO TO 2
SIGl=PARMSd)
SSIG1=SIG1

DO 1 1=1yMl
RKd)-»PARMSd)/SlGl 
Dd)=PARMS(M+l') 

RK(M)-PARMS(M)/S1G1 
GO TO 10 
KOUNT=0 
DO 4 1=1yM

Dd)=PARMS(NSIG+I)
CK d ) -PARMS (KOUNT*4't-I~KOUNT)
DO 3 J=lyNCMPLX

IF(LCMPLX(J)+NE+I) GO TO 3 
KOUNT'^KOUNT+1 
INDEX^(KOUNT-1)*4+1--KOUNT 
SO (KOUNT):«=PARMS (INDEXil) 
RM(KOUNT)=PARMSdNDEX+2) 
C(KOUNT)=PARMS(1NDEX+3) 
TAU (KOUNT) -PARMS (INDEX-t-4) 
GO TO 4 
CONTINUE 

CONTINUE

0000 
0000 
0000

<ASEOOOO 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000
0000: 
0000 
0000
oooo: 
0000: 
0000 
0000: 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000: 
0000 
0000 
0000 
0000 
0000 
0000: 
0000: 
0000 
0000 
0000 
0000: 
0000 
0000, 
0000 
0000 
0000: 
0000 
0000: 
0000 
0000 
0000 
0000

2000 
2010 
2020 
2030 
2040 
2050 
2060 
2070 
2080 
2090 
2100 
2110 
2120 
2130 
2140 
?L50 
1.60 
L70 
L80 

2190 
2200 
2210 
2220 
2230 
2240 
??50 
2260 
2270 
2280 
2290 
2300 
2310 
2320 
2330 
2340 
2350 
2360 
2370 
2380 
2390 
2400 
2410 
?420 
2430 
2440 
2450 
2460 
2470 
2480 
2490 
2500 
2510
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age 30

6

10

20

21
*' "j

100

SIG1=--CK<1)
DO 5 .T>lyNCMPLX

IFCLCMPLXd} *NE*1) GO TO 5

CONTINUE 
DO 6 I-.1.yM

CK(i)~cK(:n/s:cGi
SSIG1=SIG1
XB-'SQRTC 1 */CSIGl>K3*9478417E-~6> )
CGN~-l./<S:i:Gl*6* 283185308)
nEL~XB/SQRT<OLDF)
DO 20 J~lyMl

IFCNCnPLX*EQ*0> GO TO 25 
DO 21 :i:~lyNCMPLX

CK<LCMPLX<I) >~COLE2<OI...BFySO(:i:> 
.i:F(KASE*£Q*l) 00 TO 170

y C C I ) y TAU ( I) )/SIG:L

IFCNCMPLX*EQ*0> CALL SETSPL (ZEXv DEL * RMAX rRMI 
IF(NCMPLX»GT*0) CALL SETSPL ( CZEX p DEL y RMAX yRM

:I:F<KASE*EQ»I> GO TO 170 
IF(IOB*LE*5) GO TO ISO

XXN-XXM+RL 
Rl^XXM-fHFL 
R2-XXM-HFL

R4=XXN-HFL
IF< INI JEQ* 1 ) Z=ZSUBA1(XXMyXXNyFINTLlyNEVl y ICKyZERRl y 
IF( INI *EQ*2> Z=ZSUB1 ( XXMyXXNyFINTL1yNEU1 y ICKyZERRl y 
IF(MEVl*GE*NEVl~l*AND*ICK*GEtO) GO TO 160 
WRITE(6 y 520) NEV1yMEV1yICK y Fy XXM y XXN

520 FGRMATC40H GAUSS QUADRATURE! COMPUTED INTEGRAL HAYy 
1 13H BE ERRONEOUS/2Xy3I8y3E16*8}

160 Z=CON*<Z-FINQDF<DEt.yR4yR3yR2yRlyF:i:NTLlyNEW) ) 
IF ( NCMPLX * GT * 0 ) 2~Z/CK (.1. )

INFUNyMEVl) 
INFUNvHEMi)

GO TO 200 
170 IFC:i:GB*EQ*6> R=HFL-f(XM(.TFy3)-fOt5)*RL

Z=EX(R*R/(DEL*BEL))*RL#2**HFL
IF(NCMPLX*GT»0) Z-'Z/CKCl) 

200 CONTINUE
ITYPE^IOB
IF(IOB*GT*4) ITYPE^IFIX(XM<IFy2))
GO TO (210 y 220 y 230 y 240)yITYPE 

210 F^CABS(Z)
GO TO 300 

220 CALL POLAR(REAL( 2) y AIMAG(Z)y PHZ y AMP)
F==PHZ*17*453293
GO TO 300

00002520 
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230 F=REAL<Z>
GO TO 300 

240 F=AIMAG(Z> 
300 RETURN

END

COMPLEX FUNCTION FINFUN(X)
 -COMPUTES FINITE INTEGRAL OVER INTERVAL -I...?L 
CL PASSED IN THROUGH COMMON AREA FIN) OF 
COMPLEX FUNCTION FUNINT (SPLINE INTERPOLATOR) 
AT FIELD POINT (XX?YY) * 
ASSUMES PRIOR CALL. TO SETSPL ,,**»*»»»,»

 -CALLS FUNINT
ZSUBA2
ZSUB2 

REAL L 
EXTERNAL FUNINT

- ADAPTIVE GAUSSIAN INTEGRATION
   NON-ADAPTIVE GAUSSIAN INTEGRATION

COMPLEX ESUM y ZSUBA2 
COMMQN/FIN/R1 y R2yRy

ZSUB2
ySIGl yXXy YY

COMMGN/ENDS/XM yYMyXNyYNyDS
COMMON/FINERR/HAKTOLyFINTOLyINTYPEyNFINyNEVyMEVyESUMyLW 

CHECK TO SEE THAT X IS IN THE RANGE XM  -> XN 
IF(X + LE»XN + AND»X»GE»XM) GO TO .1. 
WRITE(6 y 100) X

100 FORMAT(34H FINFUN2 X NOT IN PROPER RANGE'y X~yE12.4) 
STOP

GO TO 8
FINFUN=ZSUBA2(X-LyX-fL?FINTOLyNEVy1CK r ESUM r FUNINT

XMINyFINTOLyNEVylCKyESUMy

FINFUN=2**ZSUB2(0*yXMINyFINTOLyNEVyICKyESUMy

YY«YM+DS*(X-XM)
1F(ABS(X)»LT*L)
IF(INTYPE»EQ*1) 

1 MEV)
IF(INTYPE*EQ*2) FIN 

1 MEV)
GO TO 10 

8 XMIN=AMIN1(ABS(X-D
XMAX«AMAX1 (ABS (X--L.) ^ABS(X-fL) )
IF(INTYPE*EQ*1) FINFUN-»2»#ZSUBA2<0 

1 FUNINTyMEV)
IF(INTYPE,EQ,2) 

1 FUNINTyMEV)
IF(X+EQ+0+0) GO TO 10
IFCINTYPE*EQ*1) F INFUN=FINFUN+ZSUBA2 ( XMIN y XMAX yF INTOL y NEV1. 

1 ESUMyFUNINTyMEV)
IF(INTYPE+EQ+2) FINFUN=FINFUN+ZSUB2(XMINyXMAXyFINTOLyNEV1yICKy 

1 ESUMyFUNINTyMEV)
NEV~NEV-fNEV.1. 

10 RETURN
END

COMPLEX FUNCTION FINQCDELyRyTOD 
C----FINQ CALCULATES THE JO HANKEL TRANSFORM 
C (USING DIGITAL FILTER ROUTINE ZHANKO)
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REQUIRED BY PROGRAM EMCUPL 
 CALLS ZHANKOy F7G

COMMON/MODEL/RK<10)? D < 9 > y M
COMPLEX ZHANKOvES
EXTERNAL F7G
B»R/DEL
FINQ»-CMPLX(0,OyO,0)
IF(M+EQ+1) GO TO 1
FINQmZHANKO(ALOG(B)yF7GyTOL
FINQ=FINQ*CMPLX(0+Ovl*/DEL) 

1 FINQ=FINQ-1+/R
RETURN
END

LW)/B

c-
c
c
c
c
c
c
c
c
c
C-

COMPLEX FUNCTION FINQDF ( DEL y Rl y R2 y R3 y R4 y TOL y NEW ) 
--COMPUTES FINQ AT FOUR SEPARATIONS USING
PREVIOUS

DEL
Rl yR2y
NEW =

=

UALUULA 1 I::.U
SKIN DE
R3*
1
0

;R4
F
S

I-' 1 H
THE
IRS

Hb.yUI.-lb Ik NLW=0
IN 1-1
1'

T

"OUR

CALL

Kb ? L
S

UBSEQUENT
RESULTS MAY

FI NQDF

 CALLS FI

=%

NQ

FINQ (Rl )--FIN1

EPAR
FOR
CALL
BE

(R2)

AYI-K
ATIONS
A MODEL
WHERE PREVIOUS

USED

     (FINQ(R3)-FINQ (R4))

COMPLEX
REAL ROLD(4)
INTEGER ISET(4)
COMMON/SAVEQ/ROLD
DATA ZERO/(0,Oy() +
FINQDF-ZERO
Q1=ZERO

QOLD

0 
GO

OEO

TO 10

Q3-ZERG 
«4~ZERO 
DO 1 1^1,4

1 ISET(I) 
IF(NEW*EQ*0) 
DO 2 I".-ly4

ROLD(I)
2 QOLD(I)=ZERO

GO TO 100
CHECK TO SEE IF Q VALUE WAS CALCULATED 
IN PREVIOUS CALL TO F I NQDF 

DO 20 I»l?4
IF(ROLDd)
Q1'=QOLD(I)
ISET(1)»=I +
GO TO 20
IF(ROLD(I)
Q2=QOLD(I)

10

11

NE*R1 ) GO TO 11

R2) GO TO 12
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ISET<2)~I-fl
GO TO 20
IF(ROLD(I)*NE*R3) GO TO :i.3

i8ET(3>~i+i
GO TO 20
IF(RQLn<I)*NE*R4) GO TO 2013

.TSET(4)=I-fl 
20 CONTINUE

100 IF(R1*EQ*R2> GO TO 150 
IF(R1*EQ*R3) GO TO 400

101 IFaSETCi. ) *GT*0> GO TO 110

110

120
150

IF aSET<2> *GT*0> GO TO 120 
JSET<2)~1

155

160

250

FINQBF==ai~Q2
IF(R3+EQ+R4) GO TO 300
l'F(ISET(3)+GT,0) GO TO 250
:CF(R3»NE*R1*OR*ISET(1)*EQ*0) GO TO
Q3»Q1
GO TO 250
IF(R3,NE+R2+OR,ISET(2)+EQ+0) GO TO
Q3^Q2
GO TO 250

155

160

ISET(3)=1
I F ( I! S E T ( 4 ) * G T * 0 ) G 0 T 0 290
IF(R4,NE*Rl*OR*.TSE:T(l)*Ea*0) GO TO
Q4-Q1
GO TO 290
lF(R4*NE*R2tOR,ISET(2)*EQ*0) GO TO
Q4=Q2
GO TO 290

260

260

290
300
400

410 IF (ISET(4) ,GT*0) GO TO 420

1SET<4)~1
F:i:NQDF^FINQDF--(Q3-Q4)
GO TO 500
.i:F<R2.EQ*R4> GO TO 500
:i:F(ISET(2) ,GT»0) GO TO 410

420 F.'[NCJDF»=Q4-«2 
C
C 8AVE CALCULATED (%SET(I)=1) VALUES 
C

500 IF(I8ET(1)»NK»1) GO TO 510
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510

520

530

540

ROLD(1)=R1
QOLDCi. )-Ql 
IF(ISET(2)+NE 
ROLD(2)=R2

I Fa SET (3)
ROLD(3)-R3

QOLD(3)-a3
IF(ISET(4)
ROLD(4)~R4
QOLD(4)=Q4
RETURN
END

:i.) GO TO 520

NE + 1) GO TO 530

NE*1> GO TO 540

00004570
00004580
00004590
00004600
00004610
00004620
00004630
00004640
00004650
00004660
00004670
00004680
00004690

COMPLEX FUNCTION FUNINT(X)
 COMPLEX FUNCTION INTERPOLATION BY QUINT 1C SPLINE VIA 
CALL TO 'GPOINT'y WHERE THE QUINTIC SPLINE 
COEFFICIENTS ARy BRy CRy DR y ERy AI y BI y CI y DI y El WERE 
PREVIOUSLY OBTAINED BY SUBR 'QUINT'*

DIMENSION 8R(80) yAR(8(» yBR(80) vCR(80) yDR(80) yER(80) y 
% S I C 80) y A 1 < 8<» y B 1 C 80 > y C 1(80), D I ( 80 ) y E I ( 80 )
COMMON/SPLN80/SR y AR y BR y CR y DR y ER y SI y A I y B I y C I y DI y E I y RLM1 y DELRLM y NL 
COMMON/F IN/R .1 yR2y RO y XL y 8 1 G 1 y XX y Y 
R=ALOG(SQRT(X*X+Y*Y) )
CALL QPOINT(NLySRyARyBRyCRyDRyERyRLMlyDELRLMyRyYR) 
CALL QPOINT(NLySIyAIyBIyCIyDl'yEIyRLMlyDELRLMyRyYI) 
FUNINT=CMPLX(YRyYI) 
RETURN 
END

SUBROUTINE IEMCPL ( DY y XM y B y PRNT y NPRNT y ND y TITLE y I OUT )

INITIALIZATION ROUTINE FOR NONLINEAR 
PROGRAM, INVERSE FOR PROGRAM EMCUPL

LEAST-SQUARES INVERSION

DIMENSION DY(200)y XM(200y5)yB(l)yPRNT(5)yTITLE(16) 
CHARACTERS TITLE 
COMPLEX CKyZERR2yZ 
REAL HAKTOLyHAFL 
INTEGER LCMPLX(4) 
COMMON/CFLAG/CK(10)yICMPLX
CGMMON/FINERR/HAKTOLyFINTL2yIN2yNFINyNEV2yMEV2yZERR2yLW 
COMMON/FIN/RMAXyRMINyROyHAFLy SIGIyXXyYY 
COMMON/ENDS/XXMyYYMyXXNyYYNyDS 
COMMON/MODEL/RK(10)y DD(9)y M 
COMMON/FARM/ISy Xy Yy R ySSIG1yA5y NLYRyTDL
COMMON/EM/IOByRLyFINTLly.INlyMEVlyLCMPLXyNSIGyRlyR2yR3yR4yZyKASE 
EQUIVALENCE (NyNN)y(MyMM)
NAMELIST/INIT/MyMMySLyRLyTOL.yFINTLlyFINTL2yINlyIN2y 

1 NFIN y MEV1y MEV2yICMPLXyKASEyLCMPLXyIOByNyNN

00004700
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00004780
00004790
00004800
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00004850
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WRITE(6*20) TITLE 
IF(IOUT+EQ+1) WRITE(16;20) TITLE 

20 FORMAT(12H1E M C P L---?5Xyl6A5/) 
C PRESET DEFAULTS

IQB-1

IN2»1
NFIN»1
MEV1»300

KASE^l 
ICMPLX-0

READ(5;INIT) 

HAFL=SL/2+

THE RANK OF THE TOLERANCES  - FINTLly FINTL2y TOL REFLECTS 
THE NESTING OF THE INTEGRALS* TOL IS THE SMALLEST BECAUSE 
IT IS THE INNERMOST,

IF(M,GT+10 
1 ICMPLX»GT

OR+M 
4»OR

+ TOL,EQ+1»E-Q) TOL»=FINTL1
LE+0,OR,KASK»GT+2»OR»KASE+
ICMPLX+LT»0+OR,IOB+GT+6»OR

2 CALL ERRMSGC'SOME 
MINN''-N 
MAXN=N
IF(IOB,LE+5) GO TO 
MINN»100 
MAXN=0

$INIT OUT OF RANGE

E,0+ 
IOB, 
, 16)

OR+ 
LE,0)

DO I=1,ND 
IF(XM(Iy 2)+LE 

OUT
0) 
OF

2)+GT+4»OR»XM(Ip
1 CALL ERRMSGC'SOME XM(If2) 

IF(IOB»EQ,5) GO TO 6 
IF(XM(I*3)+LE+0) CALL ERRMSG( 
MINN=MlNO(MINN*IFIX(XM(Iy3))) 
MAXN=MAXO(MAXNwIFIX(XM(I*3))) 
CONTINUE 

GO TO 8 
' IF(N»LE»0,AND,IOB,LT+6) CALL ERRMSG("N

RANGE

SOME XM(Iy3),LE,0

LE+ 0

DEFINE EQUIVALENT AND DUMMY COMMON PARAMETERS

8 NLYR=M 
HAKTOL«TOL 
YYM"0,()
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IS-0
NSIG=ICMPLX*4+(M-ICMPLX)
TWL=2+*HAFL
RMAX=TWL+(MAXN+1)*RL
RMIN^MINN*RL
XXM«=HAFL+N*RL
XXN«XXM+RL
R1»:XXM+HAFL
R2»XXM-HAFL
R3»XXN4-HAFL
R4=XXN-HAFL
RO»HAFL+(0,5+FLOAT(MINN) )*RL
R=RO
XX»RO
X=R

WRITE OUT $INIT PARAMETERS

WRITE<6»4<»
IF(IOUT + EQ +

40 FORMAT ( / " M

MylOBylCMPLXyKASEySLyRLyTOL
1) WRITE<16y40> My IQBy ICMPLXyKASEy SI... *RL y TOL 
« " 15 » 9X v " 106= " yI5;7Xy " ICMPLX== " yI5y4X? " KASE^ 5; AX/

IF(ICMPLX»EQ»0) 00 TO 43
WRITE (6v 41 ) (LCMPLX(I)yI»lfICMPLX)

(LCHPLX ( I ) <> I~l y ICMPLX)
4 .1. 
43

45
FINTLlyINlyMEVl?NFINyFINTL2?IN2yMEV2 
INi~ B >15r7X* "MEV1-" ylSfAX; 
;lXy " IN2= " ? 15 y 7X y " MKV2= " y I5/ )

IF (I OUT, EG* I) WRITE(16*41) 
F ORMA T ( " !... C M P L X « " ? 4 1 5 / ) 
.i:F(KASE*EQ»l) GO TO SO 
WRITE(6v45) FINTL1 r INlyMEV 
IF<IOUT*EQ*1) WRITE ( 16^45) 
FORMAT( " FINTL1-" yE8+3flX; 

1 " NFIN= " ? I5/ " FINTL2" " y E8 *
50 WRITE(6y55)

IF(IOUT+EQ»1) WRITE(16y55)
55 FORMAT (/) 

RETURN 
END

***** MQLUEMOPL *****
NONLINEAR LEAST-SQUARES INVERSION PROGRAM FOR EM
COUPLING DATA OBSERVED IN THE COLLINEAR DIPOLE-DIPOLE OR BIPOLE--
DIPOLE MODE, MINIMIZATION OF THE SUM OF SQUARES IS DONE VIA THE
MARQUARDT-LEVENBURG METHOD* ANALYTICAL DERIVATIVES ARE NOT
NEEDED,

EXTERNAL lEMCPLyEEMCPL
CALL INITREF( '>UDD>EMODL...INV>JKAUAHIKAUA>ARCHIVES 

1 'FCODE') 
CALL IMSLMCK lEMCPLyEEMCPL)

y 'EMCUPL....OLIB' y

00005590
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FCODE IS PASSED TO IM8LMQ BY BEING NAMED ECODE

STOP 
END

SUBROUTINE QPOINT ( NY * Y ? B r C , D * E * F * X1 9 DELX * XX * YY) 
GIU E N T HE Q UIN TIC 3 P LIN E C 0EFE"S B(#)*C(#)*D<*)* E (*) 9 F(*) AS 
OBTAINED FROM SUBR 'QUINTS AND GIVEN NY DBS* DATA Y(NY) EQUALLY 
SPACED BY DELX STARTING AT XI 9 THEN 'QPGINT' INTERPOLATES 
YY AT ANY XX IN (XI *X1 + (NY--i ) #DELX) »

DIMENSION YU) *B<1) *C<1> *DU> *E<1> *F<1 > 
XMAX«Xl-f(NY-l)*DELX
IF<XX *LT X1»OR » XX » GT * XMAX > GO TO 2 
:iXXX-Xl )/DELXil 
X]>Xl-f (I     ! )>KDELX 
T=(XX-XI)/DELX
YY= ( « ( F (I) *T+E < I) ) rr-f D (I) ) >KT-f C < I) ) *T-f B (I) ) #T-f Y (I) 
RETURN
WRITE(6*3) XX*X1*XMAX
F 0 R M A T ( ' 0 Q P 01N T E R R 0 R - - X X ~ '' r E16 , B ? ' NO T IN C!... 0 S E D IN T E R V A i... ( ' * 

& E16 * 8 1 ' r ' 9 E16 * B , ' )  " ) 
GO TO 1 
END

SU B R0 U TIN E QUINT(NY*Y*B*C*D *E*F)
 COMPUTES COEFFICIENTS OF A QUINT1C NATURAL SPLINE S(X) GIVEN 
T H E 0 R DIN A T E S Yd) A T A S S U M E D E Q UIDIS T A N T P 01N T S X (I) * I =:;= 1 T 0 N Y

TRANSLATED FROM ALGOL. TO FORTRAN BY
W»L* ANDERSON* U»S» GEOLOGICAL SURVEY* DENVER* COLORADO, 

REFS ACM TRANSACTIONS ON MATH* SOFTWARE* SEPT 1976* V*2* N* 3 <  
PP«281-289*

PARAMETERS:

NY ~ NUMBER OF DATA POINTS GIVEN IN Y(NY>* NY*GT*2* 
YO~ ARRAY OF NY GIVEN ORD1 NATES ( DIM * GE * NY) *

YO POINTS ASSUMED EQUALLY SPACED IN X--DIRECTION* 
B*C*D*E*FO ~ RESULTING ARRAYS (EACH DIM *GE* NY) OF

Q UIN TIC S P i... IN E C 0 E F FICIE N T S * W1-1E R E
FOR ANY XX IN C X ( J
s < xx ) ~ « « F < i > *T-H:

) * X d -f 1 ) ) I
d ) ) rr-f D d ) ) #T-f c ( i ) ) rn- B cm #T+ Y d > w i

T ~ ( X X  - X d ) ) / D E i... X * D E L X -~ ( X d + 1 ) - X d ) ) F 0 R ANY I * 
NOTES SEE PRGC 'QPOINT' TO EVAL THE QUINT 1C SPLINE AFTER 

'QUINT' IS CALLED,

DIMENSION Y < 1 > * B ( 1 ) * C U > * D ( 1 > * E d ) * F < 1 )
IF(NY»LE»2) GO TO 4
N=NY~3
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00006550
00006560
00006570
00006580
00006590



Multics Documentation 
Program HQLVEMCPL

F'ase 38

3

R~ 
8 == 
T== 
DO 
U- 
B( 
R~
c
D

0 * 0 
0 * 0 
0 * 0
1 I

P#R 
I) = l 
26 + 0-
1)=R
I>~Y<l+3)-3*0*<Y<I+2>--Y<l + l> )--Y(I)~U#S-Q*T

0/(66*0-U*R--Q) 
- -Li

CONTINUE

DO 2 J=1? 
I--N1-J
D ( :i: > = ( D < :i:
CONTINUE 
N-NY-1

DO 3 I«2

R^D(I)
S

... *V* 
"- I

E(I)»U
D(1)=10*0*(P+Q)
C(I)=0*5*(Y( I +1 )+Y( I  -1) + S  - T)
B(I)=0*5*(Y(I+1)-Y(1-1)-S-T)
CONTINUE

E(l)=0*0
E(NY)=0»0
D(l)=0»0
D(NY)«0»0
C(1)=C(2)-10*0*V
C(NY)=C(NY-1)+10,0*T
B(1)=Y(2)-Y(1)-C(1)-V
B(NY)=Y(NY)-Y(NY-1)+C(NY)-T
RETURN
END

00006600
00006610
00006620
00006630
00006640
00006650
00006660
00006670
00006680
00006690
00006700
00006710
00006720
00006730
00006740
00006750
00006760
00006770
00006780
00006790
00006800
00006810
00006820
00006830
00006840
00006850
00006860
00006870
00006880
00006890
00006900
00006910
00006920
00006930
00006940
00006950
00006960
00006970
00006980
00006990
00007000
00007010
00007020
00007030
00007040
00007050
00007060
00007070
00007080
00007090

SUBROUTINE RECUR2(G?Yl,F1yLI) 00007100



Multics Documentation 
Program MGLVEMCPL

Page 39

RECUR2 RECURSIVELY COMPUTES THE ELEMENTS WHICH ARE USED 
IN THE LAYERED-EARTH HANKEL TRANSFORM KERNELS 
 ORIGINAL ALGORITHM FROM ANDERSONC :!.974> HAS BEEN 
MODIFIED TO USE COMPLEX CONDUCTIVITIES IF ICMPLX-1

CGHMGN/MGDEL/KyDyh
COMMON/CFLAG/CKylCMPLX
REAL KCI.O) yD(9)
COMPLEX CyVMyVl yFl 9 LI yEyQNEyCK(lO)
DATA ONE/(l+OyO»0)/
F1=ONE
L1«=ONE

IF 
IF 
IF 
JM 
IF 
IF

C»» 
Fl 
IF 
IF 
IF 
IF 
IF 
IF

l _

(ICMPLX
(ICMPLX
(M,EQ,1
M-l
(ICMPLX
(ICMPLX
CEXP(-V
(ONE-E)
=(VM*F1
(ICMPLX
(ICMPLX
(REAL(E
(ICMPLX
(ICMPLX
(J,EQ,1
J--1

,EQ+0) VM=CSGRT(CMPLX(G2y2,*K(M)))
+ EQ,1) VM~CSGRT(CMPLX(G2-2,*AIMAG(CK(M)
) GO TO 2

,EQ,0) Vl»CSQRT(CMPLX(G2y2»*K(J)))
,EG,1) Vl-'CSQRT(CMPLX(G2-2 + *AIMAG(CK(J))y2
1*D(J))
/(ONE+E)
+V1*C)/(V1+VM*F1*C)
, EG, 0) E'-K (J+l) *V14-K (J) *VM*L1 *C
,EQ,1) E>CK(J+1)*V1+CK(J)*VM*L1*C
),EG,0 + 0,AND,AIMAG(E),EG,0,0) E=»CMP

+EG,1) L1=(CK(J)*VM*L1+CK(J+1)*V1*C)/E 
) GO TO 3

GO TO :
2 V1»VM
3 RETURN 

END

00007110 
00007120 
00007130 
00007140 
00007150 
00007160 
00007170 
00007180 
00007190 
00007200 
00007210 
00007220 
00007230 
00007240

y2,*REAL(CK(M))))00007250
00007260 
00007270 
00007280

*REAL(CK(J))))00007290 
00007300 
00007310 
00007320 
00007330 
00007340 
00007350 
00007360 
00007370 
00007380 
00007390 
00007400 
00007410 
00007420 
00007430 
00007440

LX(l + E'-3()yl»E--30)

SUBROUTINE RECURS(GyVIyFl)
RECURS RECURSIVELY COMPUTES THE ELEMENTS WHICH ARE USED 
IN THE LAYERED-EARTH HANKEL TRANSFORM KERNELS
 ORIGINAL ALGORITHM FROM ANDERSONU974) HAS BEEN
 MODIFIED TO USE COMPLEX CONDUCTIVITIES IF I CMPLX-:!.

COMPLEX C * VM y V1;F1 * EVD ? ONE y T;CK(10)
REAL i«:U»yD<9>
COMMON/MODEL/K y D y M
COMMON/CFLAG/CK yICMPLX
DATA ONE/CL +OyO + 0)/
Fl^GNE
G2~G*G
IF (IC M i::i L X * E Q + 0) VM == C 8 Q R T (C M P L X ( G 2 y 2 * 0 * K ( M ) »
IF(ICMPLX*EQ*i> VM=CSQRT(CMPLX(G2--2
IF(M*EQ*1) GO TO 30
J-=M--.l

00007450 
00007460 
00007470 
00007480 
00007490 
00007500 
00007510 
00007520 
00007530 
00007540 
00007550 
00007560 
00007570 
00007580 

\'EAL(CK(M))))00007590 
00007600 
00007610



Multics Doeumentstion 
Program MQLVEMCPl.

&&G 40

10 IF(1CMPLX*EQ*0)
IF(1CMPLX*EQ*1 )
EVn~--Vl#i:i( J)
EVD^CEXP(EVD) 

20 C~<ONE»EVn>/(ONE+EVn>

Vl<;SQRT(CMPLX(G2y2 
V:i.<;SQRT(CMPLX(G2--2

0#K(J))) 
#AIMAG < CK ( J ) )

30

IF(J*EQ*1) 
J~J~1
VM=VI
GO TO .1.0 
V1=VM

GO TO 40

40 RETURN 
END

00007620
2 **REAL(CK(J))))00007630

00007640 
00007650 
00007660 
00007670 
00007680 
00007690 
00007700 
00007710 
00007720 
00007730 
00007740 
00007750

AND 'QUINT'

SUBROUTINE SETSPL(FUNC?DELyRMAXyRMIN) 
 COMPUTE THE QUINTIC SPLINE COEFFICIENTS TO 
REPRESENT FUNC(R) FOR THE RANGE RMAX TO RMIN+ 
'SETSPL' CALLS 'FUNC' (WHICH CALLS 'ZLAGH1 OR ZLAGHO')

PARAMETERS!

FUNC          EXTERNAL DECLARED COMPLEX FUNCTION DEFINING THE D1POLE FIE
FUNCTION WITH CALLING SEQJ FUNC(B;NEW;R)y WHERE

B          ANY IND* NO,

NEW - 1 FIRST TIME? 0 OTHERWISE (REFI ZLAGH1 OR ZLAGHO)
R          B*DEL FOR ANY B OR DEL (SKIN DEPTH) *

DEL - SKIN DEPTH*
RMAX =   MAXIMUM R AT WHICH FUNC WILL NEED TO BE EVALUATED
RMIN :::: MINIMUM R AT WHICH FUNC WILL NEED TO BE EVALUATED

LD

COMMON/FINERR/HAKTOL y FINTOL yINTYPE y NFIN y NEV
COMMON/SPLN80/FDR(80)yAR(80)yBR(80)yCR(80)* 

S FDI(80)yAI(80):  BI(80)yC1(80)? DI(80)yEI(80)
COMMON/CONST/DELL y DEL2 y Z2DEL3
COMPLEX FUNCyESUMyFDyZ2DEL3 

 ISIZE IS THE MAXIMUM POSSIBLE NUMBER OF 
AND ALSO IS THE DIMENSION OF ALL ARRAYS

DATA ISIZE/80/
DELL^DEL
DEL2~DEL#DEL

BM AX -RMAX/ DEI... 
BMIN^RMIN/DEL 
NB-AINT ( 5 * JKAL.OG

ESUMyLW

RLM:i. y DELRL.M y NB

NODES IN QUINTIC SPLINE 
IN COMMON AREA SPLN80+

BMAX/BMIN ) ) -f 2

XO=ALOG(BMIN)+NB*0+2 
NB»NB+3

 RANGE OF RMlNyRMAX EXTENDED BY AT LEAST 2 ON EACH 
END IN ORDER TO MAKE THE END CONDITIONS CHOSEN FOR 
THE SPLINE IRRELEVANT TO THE REAL RANGE OF INTEREST

NRMAX<I:S:I:ZE/NB

00007760
00007770
00007780
00007790
00007800
00007810
00007820
00007830
00007840
00007850
00007860
00007870
00007880
00007890
00007900
00007910
00007920
00007930
00007940
00007950
00007960
00007970
00007980
00007990
00008000
00008010
00008020
00008030
00008040
00008050
00008060
00008070
00008080
00008090
00008100
00008110
00008120



M i..i .'I. t i c < > .0 o c i..i IT; e ri t a t :i. o n 
ProarBm MQLVEMCPL

Pese 4:

3

C--
.* *.

f-

C
l... ""
C
c
p ....

c
c
t;
cc--
c
c
c;
c
c
,  

C
c
l>

IF(NFINa..E*NRMAX) GO TO 3
IF(NRMAX*GT *()*()) GO TO 2
WRITE <6< 100)

.100 FORMAT(43H ERROR IN SETSPLI INSUFFICIENT SPLINE NODES)
STOP

2 NFIN^NRMAX
WRi Ib (6? 110) NFIN

1.1.0 FORMATC43H ERROR IN SETSPLI NFIN TOO LARGE? RESET TO ?I2>
BELRLM=*2/FLOAT<NFIN)
XO'-XO-BELRLM
DO 5 ITIME^:UNFIN

NEW-1
XO-XO-i-DELRLM
DO 5 J."-"i?NB

:!>(NB-fl )~-J
:t^NFiN#(i-i )-f:rriME
XX~XO~0*2#J
BM~EXP(XX)
RM~BM#i:iEL
IF(I,EQ*:i. ) RLM1===ALOG(RM)
FD-FUNCXBMxNEWyRM)
FDR(I)^REAL(FD)
Flil t.[)-=AI«AGCI::Ti)

5 NEW=0
NB~NFIN*NE»
CALL QUINT(NByFDRMARyBR ? CRyDl:^ER)
CALL QUINT ( NB . FDI v Al ̂ BI ? CI ̂ Dl y El)

10 RETURN
END

 -ZQUAD PACKAGE C ZBLOCK > ZQUAD1 , ZSUB1 , ZSUBAl y ZQUAD2 y ZSUB2 y ZSUBA2 ) 
FOR AUTOMATIC COMPLEX GAUSSIAN DOUBLE INTEGRATION OVER A
FINITE INTERVAL,

 -MODIFIED BY W «L * ANDERSON y U * B , GEOLOGICAL SURVEY j DENVER? COLORADO
12/30/75,

-US AGE 1

USE 'ZSUB1' OR 'ZSUBAt' FOR 1ST COMPLEX INTEGRATION (CALLS ZQUAD1)
AND / ZSUB2 / OR 'ZSUBA2' FOR 2ND COMPLEX INTEGRATION (CALLS ZQUAD2)

-REFERENCES J

(1) PATTERSON?T*N*L? 1973? ALGORITHM FOR AUTOMATIC
NUMERICAL INTEGRATION OVER A FINITE INTERVAL "Bl ?
ACM COMM* V»16? NO, 11? P*694--699*

(2) ANBERSON?W»L*? 1974? ELECTROMAGNETIC FIELDS ABOUT A
FINITE ELECTRIC WIRE SOURCE?
N*T*:uS REPORT PB--238.1.99? 209P*

-NOTES?

00 00 8 130
00008140
00008150
00008160
00008170
00008180
00008190
00008200
00008210
00008220
00008230
00008240
00008250
00008260
00008270
00008280
00008290
00008300
00008310
00008320
00008330
00008340
00008350
00008360
00008370
00008380
00008390
00008400
00008410

00008420 
00008430
00008440
00008450
00008460
00008470
00008480
00008490
00008500
00008510
00008520
00008530
00008540
00008550
00008560

00008570
00008580
00008590
00008600
00008610
00008620
00008630



M i..i 11 :i. c s D o c LI m e n t s 1 i o n 
Program MQLMEMCPL

(B),

(C),

S E E R E F (1 ) F 0 R A C 0 M P L E T E BIS C U S S10 N 0 F' T H E B A SIC 
A!... G 0 R IT H M ( S ) A S 0 RIGIN A I... L Y B E M E L 0 P E B F 0 R 
SINGLE REAL FUNCTION AUTOMATIC GAUSSIAN INTEGRA

SEE PEP(2) FOR A M0B1FIED VERSION FOR SINGLE COMPLEX 
FU N 0 T10 N A U T 0 M A TIC GA US SIAN INT EGRA T10 N,

ALL CALLING PARMS USED BELOW IN THE ZQUAB PACKAGE ARE 
IB E N TIC A L T 0 T F! 0 S E U S E B IN R E. P ( 2 ) , T H E R E F 0 R E y S E E 
REF(2) FOR COMMENTS ON THESE ANALOGOUS ROUTINES, 
REF(l) MAY ALSO BE USED FOR DEFINITIONS OF MOST OF 
THE PARMS,,*

ON

MULTICS VERSION USES CALL ZBLOCK TO INITILIZE COMMON/ZQUABP
FOR OTHER SYSTEMSy CHANGE SUBROU1NTE ZBLOCK TO A
BLOCK BATA SUBPROGRAM --- AND REMOVE THE ASSIGNMENTS STATEMENTS,

SUBROUTINE ZBLOCK 
DIMENSION P(381) 
COMMON/ZQUABP/Q(381) 
BATA MULTICS/0/ 
DATA

* F1 ( 1 ) y P ( 2 ) y P ( 3 ) y F1 (
* F' ( 8 ) y P ( 9 ) y
* P ( 15 ) y F' (16 ) y P (17)

P(22)y P(23)y P(24)y P(25)y P 
0,77459666924148337704E 
0 , 8 8 8 8 8 B 8 8 8 8 8 8 8 8 8 8 8 8 8 9 E 
0*96049126870802028342E 
0,434243749346802558001;; 
0,45091653865847414235!;; 
0,51603282997079739697!;; 
0,993831963212755022211:; 
0 * 888459232872256998891;;

00 yO
00 yO 

00 y 0 
00 y() 
00 y 0
01 90

00 y 0

# 0
 M 0,22338668642896688163E 
>K 0,22551049979820668739E 
% 0, 25807598096176653S65E--
* 0, 84345657393211062463E--
# 0,85755920049990351154E- 
DATA

# P < 29) yP (30) 9P (31 ) y P(32) yP
# P ( 36 ) y P (37 ) v p (38) y P ( 39) y P
* P(43) yP C 44) 9P (45) yP (46) yP
* P ( 50 ) y P ( 51 ) y P ( 52 ) y P ( 53 ) y P
# 0*99909812496766759766E
* 0 , 98153114955374010687E
# 0,92965485742974005667E 

0,83672593816886873550E 
0,7024.9620649152707861E

* 0,53131974364437S62397E 
>K 0,33113539325 797683309E
* 0,11248894313318662575E

,55555555555555555556E 
,26848808986833344073!;: 
»10465622602646726519 
,40139741477596222291 
, 13441525524378422036! 
,200628529376989021031.;: 
, 17001719629940260339E 
,92927195315124537686E 
, 17151190913639138079E 
,219156858401S8749640E 
,67207754295990703540!;; 
,100314278611795578771;; 
,46462893261757986541!;;

00 y 
00 y 

0 0 y 
00 y 
00 y 
00 y
 01 y
 01 y 
00 y 
00 y
 01? 
00 y
 Oly 
OO/

<33)yP(34)yP(35) y 
(40)?P(41)yp<42)y 
(47) y p(48)yP(49)y 
(54)yP(55)yp(56)/ 
00y0,25447807915618744154E- 
00 yO* 16446()49854387810934E- 
00y0,35957103307129322097E- 
00?0,56979509494123357412E- 
00 y0 , 76879620499003531043E- 
00y0,93627109981264473617E- 
00y 0 * 10566989358023480974E 
00y 0,11195687302095345688E

00008640
00008650
00008660
00008670
00008680
00008690
00008700
00008710
00008720
00008730
00008740
00008750
00008760
00008770
00008780
00008790
00008800
00008810
00008820
00008830
00008840
00008850
00008860
00008870
00008880
00008890
00008900
00008910
00008920
00008930
00008940
00008950
00008960
00008970
00008980
00008990
00009000
00009010
00009020
00009030
00009040
00009050
00009060
00009070
00009080
00009090
00009100
00009110
00009120
00009130
00009140
00009150



H i..i 11 i c s D o c Li ITS 8 i"i t a t i o n 
Prosram MQLVEMCPL

# 0*11275525672076869161E
# 0,12903800100351265626E-
# 0,42176304415588548391E-
# 0*4287796002S007734493E-
# 0, 12651565562300680114E-
# 0*17978551568128270333E- 
DATA

# P ( 57 ) 9 P C 58) y P ( 59 ) v p ( 60 ) 9

00? 0*33603877148207730542E
 01*0,50157139305 J99537414E
 02 9 0 * 23231446639 n0269443E

0*38439810249455532039E- 
0*52834946790116519862E- 
0,99987288812035761194E 
0*99720625937222195908E 
0,98868475754742947994E 
0,97218287474858179658E 
0,94634285837340290515E 
0, 91037115695700429250E 
0 » 86390793819369047715E 
0*80694053195021761186E 
0 * 73975604435269475868E 
0 *66290966002478059546E 
0,57719571005204581484E 
0*48361802694584102756E

65032E 
?96693E 
J48613E

'C61 ) yPC62) yPC63) y
 C68)ypC69)yPC70)y 
'C75)yPC76)yPC77)y
 C82)yPC83)yPC84)/
 0 ly 0,46813554990628012403E-
 01 y 0,55978436510476319408E- 
00y0,36322148184553065969E- 
00 y C), 25790497946856882724E- 
00 y 0,61155068221172463397E- 
00y0,10498246909621321898E- 
00 y 0,15406750466559497802E- 
00 y 0,20594233915912711149E- 
00y0,2586967932721474691IE- 
00 y C) ,3107355111168796488C)E  
OC>yC),36064432780782572640E  
00 y 0,40715510116944318934E- 
00y0,44914531653632197414E- 
00y0,48564330406673198716E-

 01 y
 01 y
 01 y
 Oly

 02 y
 Ol/

 Oly
 Oly

 03 y
 02y

 02 y
  01 y
 Oly

 01 y
 Oly
 Oly

 01 y
 Oly
 Oly
 Ol/

DATA
PC 85)yPC 86)yPC 87> yPC 
PC 92)ypC 93)yPC 94)yPC 
PC 99) yPClOO) y PC 101) yPCl. 
PC 1C) 6) y PC 107) y PC 108) yPCi. 
0,38335932419873034692E 
0,27774982202182431507E 
0, 16823525155220746498E 
0,56344313046592789972E 
0,56377628360384717388E 
0,64519000501757369228E 
0,21088152457266328793E 
0,21438980012503867246E 
C), 63260731936263354422E 
0,89892757840641357233E 
0, :l.9219905124727766C):l.9E 
0,2641747339505825993IE 
0,18073956444538835782E 
0,3057753410175531136IE 

DATA
1. 1 3 ) y P C 1 1 4 ) y P C 11 5 ) y P C 1 
1.20) H::'C121) y PCI 22) yPCl 
127) y PC 128) y PC 129) yPCi. 

>K PC 134) y PC 135) y PC 136) y P C1 
$ 0,77033752332797418482E
# 0,12934839663607373455E
* 0,18032216390391286320E

8 8 )
95)
02 )
09 )
00
00
00

--0 1
--01
--02

P C 89)yPC 90)yPC 91)y 
96)yPC 97)yPC 98)y 
103)yPCI04)yPC 105)y 
110) y PC 111) yPCi.12)/ 
51583253952048458777E 
53905499335266063927E 
55481404356559363988E

-03

02
-0 1
-01

03
-02

1 680 1938574 1038652 71 E 
25078569652949768707E 
1 16157233 19955 134727E 
27394605263981 43251 6E 
41115039786546930472E 
1 42448773729 1 6774306E 
23406 7 774953 1400620 IE 
279892 18255238 1 59704E 
12895240826 104 17392 IE 
5249 123454808859 125 IE

 01 y
 01 y
 Oly
 Oly
 Oly

  0 1 y

 0.1. y
  0 1 y
 02 y

 01 9
 Oly

16) yPC1.17) yPC!.18) yPC119) 
23) y PC 124) y PC 125) yPC .26) 
30) y PC 131 ) y PC 132) yPC .33)

00009160
00009170
00009:
00009:
00009;
00009;
00009220
00009230
00009240
00009250

00009270
00009280
00009290
00009300
00009310
00009320
00009330
00009340
00009350
00009360
00009370
00009380
00009390
00009400
00009410
00009420
00009430
00009440
00009450
00009460
00009470
00009480
00009490
00009500
00009510
00009520
00009530
00009540
00009550
00009560
00009570
00009580
00009590
00009600
00009610
00009620
00009630
00009640
00009650
00009660
00009670



M LI 11 i e  ;> D o c u Hi e i"i t s t i o n 
Program MQLUEMCPL

Pssie 44

0* 
0, 
0, 
0, 
0, 
0*

0* 
0 * 
0* 
Tfi 
C

9995987996
99831 66353
995724 1046
991495721 1
9853714995
97714 1 5146
966637851 5

681 6098707E---01 y 0* 
6024229388E--01 ?0» 
8279681 994E--01yC) + 
5489 159858E OOyO, 
71 9 1068325E 00? 0* 
1840739253E 00*0* 
98407 1885 IE 00*0* 
7810613240E 00*0, 
98520371 1 IE 00 y 0 * 
39705714 1 6E 00 * 0 » 
584 16S6709E OOyO*

24282165203336599358E 
26952749667633031963!;: 
28138849915627150636E 
505360952078625176251;: 
37774664632698466027E 
93836984854238150079E 
16811428654214699063E 
2568764943794020373IE 
35728927835172996494E 
46710503721143217474E 
58434498758356395076E

i.41) y PC 142) y PC 143) y PC 144) y PC 145) y PC 146) yPC147) 
!. 50 ) y P C 151 ) y P C 152 ) y P C 153 ) y P C 
n yPC 158)yPC 159) y PC 160)yPC 

i. 64 ) y P C 165 ) ? P C 1 66 ) y P C 16 7 ) y P C

1.48) y PC 149) yPC 
1.55) y PC 156) yPC 
1.62) y PC 163) yPC

161) y

0,
0 V

0 « 
0, 
0, 
0 * 
0* 
0 * 
0* 
0* 
0* 
0 * 
iTA 
1 (

9537300064257611364IE 00
93832039777959288365E 00
92034002547001242073E 00
899744899776940036641;;: 00
87651341448470526974E 00
85064449476835027976!;;: 00
822:1.5625436498C)4()737E 00
79108493379984836143E 00
75748396638051363793E 00
72142308537009891548E 00
68298743109107922809!;;: 00
64227664250975951377E 00
59940393024224289297E 00
55449513263193254887E 00

y 0

y 0 » 
yO* 
yO» 
yO» 
yO* 
y 0 »

83428387 
96411777 
1C)955733 
12275830 
13591571 
14893641 
16173218 
17421930 
18 6 318 48 
19795495 
20905851
21956366
22940964

539681577056E 
297025366953E 
387837901648E 
560082770087E 
009765546790E 
664815182035E 
729577719942E 
159464173747E 
256138790186E 
048097499488E 
445812023852E 
305317824939E 
22938774876IE

 02 y
 02 y
 02 y
  0 .1. <>
 01 y
  01 y
 0.1. y
 Oly
 Oly
 Oly

 01 y
 Oly
 Oly
 Ol/

69)yPC170)yPC 171)yPC 172)
# PC 1.76) y PC 177) y PC 178) y P C1 
>K PC 1.83) y PC 184) yPCISS) y P C 1
# PC 1.90) y PC 191) y PC 192) yPCl
# 0,50768775753371660215!;;:
# 0 , 45913001198983233287E 

0 * 40897982122988867241E 
0+35740383783153215238E

# 0,30457644155671404334E
# 0,2506787303034831766IE 
>K 0,195897502711100153921;;
# 0,140424233152560174591;; 
>K 0,84454040083710883710!;;
# 0,281846489497456943391;;
# 0,2 818 8 81418 0192358694 i'"
# 0,32259500250878684614 
% 0,10544076228633167722
# 0, 107194900062519336231!:--01 
DAT

# PC

173) y PC 174) y PC 175) y 
180) y PC 181) y PC 182) y 
187) y PC 188) y PC 189) y 
194) y PC 195) yPC196)/
23854052
24690524

1 06038
744487
965464
376706
927450
229624
56648 1
4766 13
7938 17

540080 
676909!;; 
7658 1 3 
0976801;; 
359906 
79 18.1. 9 
873035 
701 609 
2 466 07

28 17631 90330 166021 3 1 E 
840096928705 1 9326354E 
12539284826474884353E 
580786 1 6599775673635E 
13697302631 99071 6258E

20:1.) yPC202) M::'<203) y 
208) y|='C209) yPC210) y

 01 f
 01 y
 Oly
 Oly
 Oly
 Oly
 Oly
 Oly
 Oly
 Oly

 02?

 01 y
 02?

 01 /

00009680 
00009690 
0000^700 
0000°710 
00009720 
00009730 
00009740 
00009750 
00009760 
00009770 
00009780 
00009790 
00009800 
00009810 
00009820 
00009830 
00009840 
00009850 
00009860 
00009870 
00009880 
00009890 
00009900 
00009910 
00009920 
00009930 
00009940 
00009950 
00009960 
00009970 
00009980 
00009990 
00010000 
00010010 
00010020 
00010030 
00010040 
00010050 
00010060 
00010070 
00010080 
00010090 
00010100 
00010110 
00010120 
00010130 
00010140 
00010150 
00010160 
00010170 
00010180 
00010190



i u.'!. t :i. c s D o e u iri e n t a t :i. o n 
Program MQLMEMCPL

P a s e 45

11 ) p p(212)? P(213)? P(214)? P( 
18)? P(219)?P(220)yP(221)? P( 
31630366082226447689E--03 ? 0 , 
44946378920320678616E-02?0» 
9609952S623638830097E-02?0, 
!. 3208736697529129966E--01 ? 0 > 
?0372734658751149261E-04?0» 
!.52887670508776S5684E-02?0, 
5851687616639870924IE-02?0, 
64674198318036867274E-02?0 * 
90161081951956431600E--02 ? 0 , 
11228632913408049354E-01?0, 
12895813488012114694E-01?0, 
13870351089139840997E-01?0, 
25157870384280661489E-04?0, 
4691849242478504097SE-()3?0,

225 ) y P ( 226 ) y P ( 227 ) y P C 228 )
5 )# P ( 232 ) y P C 233 ) ? P ( 234 ) ? P ( 23

# P(239)? P(240)? P(241)? P(24
# P(246)? P(247)? P(248)? P(24 
% 0 * 12843824718 9701017 6 8 E -
# 0,23355251860S71608737E- 
X (K35362449977167777340E-
# 0*48205888648512683476E- 
$ 0,61379152800413850435E-
# 0,74468208324075910174E- 
$ 0.87109650797320868736E--
# 0,98977475240487497440E-
# 0 * 10978183152658912470E--
# 0,11927026053019270040E-
# 0* 12722884982732382906E-- 
& 0,13348311463725179953E- 
& 0,13789874783240936517E- 

0 * 14038227896908623303E--

253)?P(254)?P(255)?P(2! 
260)?P(261)?P(262)?P(2« 
267)?P(268)?P(269)?P(2! 
274)?P(275)?P(276)?P(2! 
,99999759637974846462E

*
GAT 

^ i::' ( 
% P( 
%. P( 
X P( 
)K 0 
^ 0
* 0
* 0
* 0
* 0

2 ) 
9 ) 
02 
02 
02 
02 
02 
02 
02 
02 
01 
01 
01 
01 
01 
01

?p
y P 
? i ::i 

? P 
yO 
? 0 
?() 
?0 
yO 
?() 
?() 
? 0 
yO 
?0 
yO 
yO 
?() 
? 0

215)yp(216)*P(217) y 
222) yP (223) yP (224)/ 
20557519893273465236E- 
71224386864583871532E- 
11703388747657003101E- 
13994609127619079852E- 
64476204130572477933E- 
26245617274044295626E- 
51485584789781777618E- 
77683877779219912200E- 
10178877529236079733E- 
12141082601668299679E- 
13476374833816515982E- 
14069424957813575318E- 
18887326450650491366E- 
84057143271072246365E-

229)Mp(230)yp(231)^ 
236).P(237)yp(238) y 
243) H::'(244) ?P(245) y 
250) Mp(251 ) H::'(252)/ 
17864463917586498247E- 
29217249379178197538E- 
417:i.4193769840788528E- 
54778666939189508240E- 
67957855048827733948E- 
8086609364788859971OE- 
93159241280693950932E- 
10452925722906011926E- 
11470482114693874380E- 
12345262372243838455E- 
13057836688353048840E- 
1359275661481239591OE- 
13938625738306850804E- 
14088159516508301065E-

 01 y
 01 y
 03 y

 02?

 01 y
 01?
 01?
 01?
 03?
 03/

 02?
 02?
 02?
 02?
 02?
 02?
 02?
 01?
 01?
 01?
 01?
 01?
 01?
 O.1./

,99994399620705437576E 00
,99976049092443204733E 00
,99938033802502358193E 00
,99874561446809511470E 00
,99780535449595727456E 00
,99651414591489027385E 00
,99483150280062100052E 00
,99272134428278861533E 00
,99015137040077015918E 00
,98709252795403406719E 00
,98351865757863272876E 00

?P(257)?P(258)?P(259)? 
? P(264)? P(265)? P(266)? 
?P(271)?P(272)?P(273)? 
?P(278)?P(279)?P(280)/ 
y 0,69379364324108267170E- 
?0,53275293669780613125E- 
?0,13575491094922871973E- 
?0,24921240048299729402E- 
? 0,38974528447328229322E- 
?0,55429531493037471492E- 
? 0,74028280424450333046E- 
?0,94536151685852538246E- 
?0,11674841174299594077E- 
?0,14049079956551446427E- 
y 0,16561127281544526052E- 
? 0,19197129710138724125E-

 05?
 04?

 03 ?
 03?
 03?
 03?
 03?
 03?
 02?
 02?
 02?
 02?

00010200
00010210
00010220
00010230
00010240
00010250
00010260
00010270
00010280
00010290
00010300
00010310
00010320
00010330
00010340
00010350
00010360
00010370
00010380
00010390
00010400
00010410
00010420
00010430
00010440
00010450
00010460
00010470
00010480
00010490
00010500
00010510
00010520
00010530
00010540
00010550
00010560
00010570
00010580
00010590
00010600
00010610
00010620
00010630
00010640
00010650
00010660
00010670
00010680
00010690
00010700
00010710



M u 11 :i. c s D o c u iyi e ft 131 i o n 
Pro s ram MQLMEHCF'L

46

# 0,9794062816708626838IE 00 
$ 0,97473445975240266776E 00
DATA 

$ P C 281)y P C 282)y P C 283)y P C 284)
# P C 288)y P C 289)y P C 290)y P C 291)
# P C 295)y P C 296)y P < 297)y P C 298)
# P C 302)y P C 303) y P C 304)y P C 305) 
$ C), 96948465950245923177E 00 
% 0,96364062156981213252E 00
# 0,95718821610986096274E 00
# 0,95011529752129487656E 00
# 0,94241156519108305981E 00
# 0,93406843615772578800E 00
# 0,92507893290707565236E 00
# 0,91543758715576504064E 00 
% 0,90514035881326159519E 00
# 0,89418456833555902286E 00
# 0,88256884024734190684E 00
# 0,87029305554811390585E 00
# 0,85735831088623215653E 00
# 0,84376688267270860104E 00 
DATA

# P C 309 ) y P C 310 ) y P C 311 ) y P C 312 )
# PC316)yPC317)yPC318)yPC319)
# P C 323)y P C 324)y P C 325)y P C 326)
# P C 330)y P C 331)y P C 332)y P C 333)
# 0,82952219463740140018E 00
# 0,81462878765513741344E 00
# 0,79909229096084140180E 00 
% 0,78291939411828301639E 00
# 0,76611781930376009072E 00
# 0, 74869629361693660282E 00
# 0,73066452124218126133E 00
# 0,71203315536225203459E 00
# 0,69281376977911470289E 00 

0,67301883023041847920E 00 
0,65266166541001749610E 00

2194406925363J 
2478958226657!:

388388E 
;679307E

y PC 
y PC 
yPC 
H::'( 

M 0* 
y 0, 
v 0, 
y 0, 
v 0 *
y 0 , 
y 0, 
y 0, 
y 0, 
y 0 , 
y 0, 
y 0 ,

285) yPC286) yPC287) y 
292) yPC293) yPC294) y 
299) yPC300) yp(301 ) » 
306) vP(307) Mp(308)/ 
27721 957645934509940E- 
30730 1 84347025783234E- 
338039799 1 0869203823E- 
369337791 70256508 183E- 
401 10687240750233989E- 
43326409680929828545E- 
46573 1 72997568547773E- 
498436456476553860 1 2E- 
53 13086605 1B70565663E- 
56428 1 8 1 0 13844441 585E- 
59729 195655081 658049E- 
630277344908575871 72E- 
663 1 78 124290 1 8878941 E- 
695936 1 4093904229394E-

 02 y
 02 y

 02 y
 02 y
 02 y
 02 y
 02y

 02 y

 02 y
 02 y

$

313)yp(314)?PC315> y 
320)yPC 321)yPC322)y 
327)yPC 328)yPC329)y 
334)yPC 335)yPC336)/ 
72849479805538070639E- 
76079896657190565832E- 
79279493342948491103E- 
82443037630328680306E- 
85565435613076896192E- 
8864173209482494264IE- 

y 0,91667111635607884067E- 
y 0,94636899938300652943E- 
y0,9754656536317411461IE- 
y0,10039172044056840798E- 
yO,10316812330947621682E-

y P C
>.> P C
y C) ,

y 0 ,
y 0 ,
y 0 ,

: 0,6317564377111942304IE 00y0 * 1058716790488519793IE
: 0,61031811371518640016E 00 y 0,10849844089337314099E
: 0,58836243444766254143E 00y0,11104461134006926537E 
DATA

' P C 337)y P C 338)y P C 339)y P C 340)y P C 341)y P C 342)y P C 343)y
: P C 344)y P C 345)y P C 346)y P C 347)y P C 348)y P C 349) y p C 350)y
( P C 351)y P C 352)y P C 353)y P C 354)y P C 355)y P C 356)y P C 357)y
c P C 358)y P C 359)y P C 360)y P C 361)y P C 362)y P C 363)y P C 364)/
: 0,56590588542365442262E 00y0,11350654315980596602E

 02 y
 02y
 02?
 02y
 02y
 02y

 02 y
 02 y
 Oly

 01 y
 Oly
 Oly

 Ol/

% 0,54296566649831
* 0,51955966153745
>K 0,49570640791876

149049E OOvO, 1 1588074033043952568E
/'02199E 00 y 0 * 1 1816385890830235763E
L46017E OOyO,12035270785279562630E

0,471 42506587 165887693E 00 y 0 , 1224442498161 1985899E 
0,44673538766202847374E 00 y 0 , 12443560 19071 4035263E 
0,421 657686626 16330006E 00 y 0 , 12632403643542078765E

 01 y
 Oly
 Oly
 Oly

 01 y
 Oly

 Oly

00010720
00010730
00010740
00010750
00010760
00010770
00010780
00010790
00010800
00010810
00010820
00010830
00010840
00010850
00010860
00010870
00010880
00010890
00010900
00010910
00010920
00010930
00010940
00010950
00010960
00010970
00010980
00010990
00011000
00011010
00011020
00011030
00011040
00011050
00011060
00011070
00011080
00011090
00011100
00011110
00011120
00011130
00011140
00011150
00011160
00011170
00011180
00011190
00011200
00011210
00011220
00011230



i LI 11 i c s D o c LI m e n t a t :i. o i"i 
Prosram MQLVEMCPL

i.092676194E OOyO, 
)C)yO,

% 0,39621280605761593918E OOyO,
# 0,37042208795007823014E OOyO,
# 0,34430734159943802278E OOyO,
# 0,31789081206847668318E OOyO*
# 0, 2911951485 1.824668196E OOyO,
# 0,2642433724
:*: 0,23705884558982972721
DATA

$ F' C 365 ) y F' C 366 ) y F1 C 367 ) y F' C 368 ) y F' ( 
:* P C 372)y P C 373)y P C 374)y P C 375)y P C
# PC 379)yPC380)yPC381)/
$ 0,20966523824318119477E OOyO,
>K 0,18208649675925219825E OOyO,
# 0,15434681148137810869E OOyO, 
:# 0,12647058437230196685E OOyO,
# 0 , 98482396598119202090E--01 y 0 ,
# 0,70406976042855179063E--()lyO,
# 0 , 42269164765363603212E--01 y 0 ,
# 0,14093886410782462614E--01 y(),
# 0,14094407090096179347E--01/ 
IFCMULTICS,EQ,1) RETURN 
DO 1 :i>l y 381 
QCI)^P(I) 
MULTICS^l 
RETURN 
END

12810698163877361967E 
12978202239537399286E 
13134690091960152836E 
13279951743930530650E 
13413793085110098513E 
13536035934956213614E 
13646518102571291428E

369> yp<370> yp<371> y 
376) yPC 377) yPC378) y

  01 y
 01 >
 01?
 01?

 01 y
 01?
 Ol/

13745093443001896632E 
13831631909506428676E 
13906019601325461264E 
13968158806516938516E 
140179680394566 0 B810 E 
14055382072649964277E 
14080351962553661325E 
14092845069160408355E

 01?

 01 y
 01 v
 Oly
 01?
 Oly
 Oly

 01 y

0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001

1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410
1420
1430
1440
1450
1460
1470
1480
1490

C 0 M P L E X F U N C T10 N Z E X C B y N E W y R ) 
 ZEX COMPUTES THE PCR) TERM WHICH IS 
DOUBLE INTEGRATED OVER FINITE LIMITS
IT IS PART OF THE
ELECTRIC FIELD OF

INDUCTION 
DISTANCE

EQUATION FOR THE 
AN ELECTRIC DIPOLE,

NUMBER

NEW CONTROLS ZLAGHO INTEGRATION

C 0 M !::i L E X Z i... A G H 0 y T W 0 D E L 3 y 0 N E
EXTERNAL F3
COMMON/PARM/ISTEP yAly A2 y A3 y A4 y A5 y M yTOL
COMMON/CONST/DEL y DEL2 y TWODEL3
DATA ONE/(1 ,05-0,0)7
ZEX~CMPLXCO»<)yO*0)
1F(M,EQ,1) GO TO 2
Z E X = Z i... A G H 0 < A!... 0 G ( B ) y F 3 y T 0 L y L W y N E W) / B
Z E X :    : T W 0 D E i... 3 # Z E X -f ( 0 N E - ( 0 N E + C M F'!... X ( B y B) ) # C E X P (
RETURN
END

 CMPLX(ByB))>/R##3

0 0 01
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001

1500
1510
1520
1530
1540
1550
1560
1570
1580
1590
1600
1610
1620
1630
1640
1650
1660
1670
1680
1690
1700

C 0 M P L E X F U N C T10 N Z H A N K 0 ( X y F U N y T 0 L y!...) 
C----RE VISED VERSIONS 12--13--7 6      - SEE NOTE (2) BELOW, 
C----INTEGRAL FROM 0 TO INFINITY OF ' FUN ( G ) *JO ( G#B ) #DG DEFINED AS THE

00011710
00011720
00011730



Multics Documentation 
Program MQLVEMCPL

Page 48

COMPLEX HANKEL TRANSFORM OF ORDER 0 AND ARGUMENT X(»ALOG(B)) 
BY CONVOLUTION FILTERING WITH COMPLEX FUNCTION 'FUN' AND 
USING A VARIABLE CUT-OFF METHOD WITH EXTENDED FILTER TAILS**

 BY W*L+ANDERSON? U+S+GEOLOGICAL SURVEY? DENVER? COLORADO

" -PARAMETERS:

X 
FUN(G)

REAL ARGUMENT («=ALOG(B) AT 
EXTERNAL DECLARED COMPLEX

OF A REAL ARGUMENT G+ 
NOTE! IF PARMS OTHER THAN

CALL) OF 
FUNCTION

THE HANKEL 
NAME (USER

G ARE REQUIRED? USE COMMON 
CALLING PROGRAM AND IN SUBPROGRAM FUN, 
THE COMPLEX FUNCTION FUN SHOULD BE A MONOTONE 
DECREASING FUNCTION AS THE ARGUMENT G BECOMES 

FOR REAL-ONLY FUNCTIONS; SUBPROGRAM 'RHANKO' IS 
HOWEVER? TWO REAL-FUNCTIONS F1(G)?F2(G) MAY BE

00011740 
00011750 
00011760 
00011770 
00011780 
00011790 
00011800 
00011810 
00011820 
00011830 
00011840 
00011850 
00011860 
00011870

LARGE*+,00011880 
ADVISED?00011890 

00011900

TRANSFORM 
SUPPLIED)

IN

INTEGRATED IN PARALLEL BY WRITING FUN«CMPLX(F1(G)?F2(G))00011910 
REAL TOLERANCE EXCEPTED AT CONVOLVED TAILS---I+E+? 00011920
IF
I HI:
TOL <     +0001
THE FUNCTION

A 'SMALLER TOL
BUT WITH 'MORE

LTER*FUN<TOL*MAX? THEN REST OF TAIL IS 
IS DONE AT BOTH ENDS OF FILTER* TYPICALLY? 

IS USUALLY OK--BUT THIS DEPENDS ON 
FUN AND PARAMETER X*++IN GENERAL?

TRUNCATED+00011930 
00011940 
00011950 
00011960

WILL USUALLY RESULT 
WEIGHTS' BEING USED+

IN 'MORE ACCURACY' 00011970 
TOL IS NOT DIRECTLY00011980

C
C
C
C
C
C
C
C
C
C-
C
C
C
C-

C
C
C
C
C
C
C
C
C
C
C
L"

C

RELATED TO TRUNCATION ERROR? BUT GENERALLY SERVES AS AN
APPROXIMATION INDICATOR* ++ FOR VERY LARGE OR SMALL B?
ONE SHOULD USE A SMALLER TOL THAN RECOMMENDED ABOVE +,+

!...:» RESULTING NO* FILTER WTS* USED IN THE VARIABLE
CONVOLUTION (L DEPENDS ON TOL AND FUN),

MIN*L^20 AND MAX+L«193-- WHICH COULD
OCCUR IF TOL IS VERY SMALL AND/OR FUN NOT DECREASING
VERY FAST* + *

-THE RESULTING COMPLEX CONVOLUTION SUM IS GIVEN IN ZHANKO ? THE HANKEL
TRANSFORM IS THEN ZHANKO/B WHICH IS TO BE COMPUTED AFTER EXIT FROM
THIS ROUTINE* * * +

-USAGE-- 'ZHANKO' IS CALLED AS FOLLOWS!
+ * +
COMPLEX Z?ZHANKO?ZF
EXTERNAL ZF
+ + +
Z=ZHANKO ( ALOG ( B ) ? ZF ? TOL ? L ) /B
+ + +
END
COMPLEX FUNCTION ZF(G)
+++USER SUPPLIED CODE***
END

-NOTES;
(1), EXP-UNDERFLOW'S MAY OCCUR IN EXECUTING THIS SUBPROGRAM?

00011990
00012000
00012010
00012020
00012030
00012040
00012050
00012060
00012070
00012080
00012090
00012100
000121 10
00012120
00012130
00012140
00012150
00012160
00012170
00012180
00012190
00012200
00012210
00012220
00012230
00012240
00012250



H u 3. t i c s D o c u IYI e n t a t :i. o i"i 
Program MQLVEMCPL

Psge 49

C THIS IS OK PROVIDED THE MACHINE SYSTEM CONDITIONALLY
C E X P  - U N D E R F' L 0 W   S TO 0 * 0 ******
C ( 2 ) * T H1S S U B P R U G R AM IS AN AN S I R E. VIS10 N 0 F T H E 0 RI GI N A L
C PUBLISHED VERSION IN NTIS REPT* PB-242-800y P*45-48y
C IMPROVEMENTS HAVE BEEN MADE IN OVERALL EXECUTION TIME
C HOWEVERv THE CALLING SEQUENCE AND FILTER WEIGHTS
C WERE NOT CHANGED*
C ( 3 ) * A B S CIS S A C 0 R R E S P 0 N DIN G T 0 W EI G H T IS G E N E R A T E D
C TO SAVE STORAGE*

COMPLEX FUNyCyCMAX
D 0 U B L.. E P R E C I S1' ON Ay E y E R y Y1 y Y
DIMENSION T<2)yTMAX<2)
DIMENSION WT(193)y W1(76)y W2(76)y W3(41)
EQUIVALENCE (WT(1)y Wl<1» y(WT(77)y W2 <1» y (WT(153 > y W3 <1))
EQUIVALENCE (C y T(1))y(CMAX y TMAX(1))
DATA E/l* 221402758160169834 DO/yER/* 818730753077981859 DO/ 

O--JO-EXTENDED FILTER WEIGHT ARRAYS!
DATA Wl/ 

1 5 * 8565723E--08 y 7*1143477E -11 y -7 * 8395565E-
2 -  8 * 9 0 0 7 811E - .1. If 9 * 8 790055 E  lly--9*8675347E-

1 * 25434001;; -10 y-1 * 1979399E- 
1 * 6153229E--10 y -1 * 4238602E- 
2*13197S5E-10y-1*6238115E-
2 * 9243813E--10 y  - 1 * 6909302E--1 0 y 3 * 4934366E-10 y

3-1 * 0893474E-10y
4-1*3106341E-10y
5--1 *S315381E-10y
6-l*6850378E-10y
7--1 * 6043759E--10y
8--8*9946096E--ll y 
9 l,3222770E--10y
1 7*0795382E-10y 2*0600379E~09y 1 *2535947E-09 y
2 2*()904225E--09y 4 * 040910IE-09 y 3 * 3642886E-09 y
3 5*2930786E-09y 8 *3164338E-09y 8 *2021809E-09y
4 1 * 2577400E--08 y 1 * 7666303E-08 y 1 * 9143895E-08 y
5 2*8983953 E-0 8 y 3*826 8 851E-08 y 4*3712 6 8 5 E-08 y
6 6*5740136E--08y 8 * 3864288E--08 y 9 * 8662323E--08 y

1*8501974!;;

8*7489547E-lly 
1 * 111879 7E--10y 
1* 4200767E--10y 
1 * 8486236E-10y 

10 y 2*4824144E--10y

4*24170 8 2 E -  10 y  -1*3690 0 01E -10 y 5*2458440 E -10 y 
6*6188220E-10 y-6 * 6964033E-12 y 8 * 5276151E-10y 
1 * 1219600E--09? 3*5591442E--l()y 1 * 5061956E-09 y

2*8646623E--09y 
5*7687700E-09y 
l*2083635E--08y 
2 * 59530HE--08 y 
5*6590075E--08y 
1* 24488HE-07y

2 * 2129198E--07 y 2 * 7524203E--07 y 
 0/y 4*9462868E--07y 6 * 1030809E--07 y 

1034727E--06 y 1 * 3554600E--06 y9 7*3891802E-07y 
1 1 *6474556E-06y 2 * 0207696E--06 y 2* 4591294E--06 y 3* 0131400E-06/ 
DATA W2/

1 3*6701680E--06y 4 * 4934101E-06 y 5 * 4770076E-06 y
2 8*1726989E--06y 9 * 9954201E-06 y 1 * 2194425E--05 y
3 1 *8194388E--05y 2 * 2239.1.84E-05 y 2 * 7145562E-05 y
4 4*0499452E-05y 4 *9486730E-05y 6 *0421440E-05y
5 9*0141902E-05y 1 <-1012552E-04y 1 * 3448017E-04y

6*7015208E--06y 
1* 4909101 E--05y 
3 * 3174088E-05y 
7*382200IE-05y 
1 *6428337E--04y

6 2*0062570E-04y 4507680E--04 y 9930366E--04 y 3 * 6560582E-04 y
7 4»4651421E--04y 5 * 4541300E-04 y 6 * 6612648E--04 y 8 * 1363181E--04 y
8 9*9374786E-04y 1 * 2138:l.20E~03y 1 * 4824945E-03 y 1 * 8107657E--03 y
9 2*2115938E--03y 2 * 7012675E--03 y 3 * 2991969E-03 y 4*0295817E-03y 

E-03y 6 * 0106700E--03 y 7 * 3405529E--03 y 8 * 9643708E-03 y
;|. t 9910907E--02 y 
4 * 3876936E-02 y 
9*2918324E-02y 
1*5832248 E  - 0 1 y

1 4*9214
2 l*0946310E--02y 1 * 33650 17E--02y 1 * 6314985E--02 y
3 2*4289325E--02y 2 * 9612896E--02 y 3 * 6070402E-02 y
4 S*3264829E-02y 6 * 446509 1E--02 y 7 * 7664144E--02 y
5 1 * 1 0 0 0 1 2 :!. E - 0 1 y 1*2 8 1 1 1 0 2 E  - 0 1 y 1*4543025 E  - 0 1 y

SETS 0001 
0001 
0001 
0001

y 0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
000:1. 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001

2260
2270
2280
2290
2300
2310
2320
2330
2340
2350
2360
2370
2380
2390
2400
2410
2420
2430
2440
2450
2460
2470
2480
2490
2500
2510
2520
2530
2540
2550
2560
2570
2580
2590
2600
2610
2620
2630
2640
2650
2660
2670
2680
2690
2700

2720
2730
2740



M LI .1. t :i. e s D o c u in e n t & t :i. o n 
Pro sir 3m MQLVEMCPL

Pa^e 50

... & \k .}/ ,|>

1 1 0

120 
130

140 

ISO

6 1 * 6049224E-01 y :f. , 4170064E--01 y 8
7      1*533 1 8 6 4 E  - 0 1 y   - 2,9094670 E - 0 1 y - 2 
8 3*90096 0 1 E - 0 1 y U 7 9 9 9 7 8 5 E - 0 1 y      4
9 6*51849S3E-02y-L+0751806E~01y 7 
1 2*5309S71E--02y-L*3904823E~02y 7
DATA W3/ 

1 2*6729062E-03y-l. *6073718E-03y 9 
2 3*6749320E-04y-2,2635296E"-04y 1
3 5*3212947E--05y--3*2867888E"-05y 2 
4 7*7499633E-06y--4*7882430E-06y 2 
5 :U1 29357 :ij;;:---06y     6, 9778 :i.74E-07y 4 
6 l,6458373E-07y-l*0168954E-07y 6
7 2 * 3985272E--08 y --1 * 4819520E-08 y 9 
8 3*49S4514E-09y~2* L597005E«09y 1
9 5*0941033E~LOy~3* l.474631E~10y 1 
1 7*4241055 E  - i. 1 y  - 4 * 5 8 7146 8 E - 1 1 y 2 
2 6*9049613E~I.2/

A-BBLE ( EXP ( --X--26 * 3045570 ) ) 
ZHANKO~(0*OyO*0>
CMAX=<0*OyO*0> 
I...-18
Y1~A#0* 1312014808028768988 B+l

BO 110 I- 1 29 y 146 
Y-~Y*E 
(>FUNCSNGL<Y> )#WT(I) 
ZHANKO^ZHANKO-fC
TMAX < 1 ) =AMAX1 ( ABS ( T ( 1 ) ) y TMAX ( 1 
TMAX ( 2 ) -AMAX1 ( ABS ( T < 2 ) ) y TMAX < 2 
CONTINUE 
I F ( TMAX < i ) , EQ * 0 * 0 * AND . TMAX ( 2 ) * 
CMAX=TOL#CMAX
DO T?0 T = 1 4 7 ... 1 9 T;
Y~Y*E 
OFUNCSNGLCY) )#WT(I) 
ZHANKO=ZHANKO+C 
!..'     L-fl
IF ( ABS ( T ( 1 ) ) * LE * TMAX < 1 ) * ANB , AB
CONTINUE 
Y=Y1*E 
DO 140 I~lyl28

OF UN ( SNGL ( Y ) ) #WT ( 129- I ) 
ZHANKO--ZHANKO + C
1 : " 1 4- 1
!... I... T .!.

I F ( ABS ( T ( 1 ) ) * LE * TMAX ( 1 ) * AND * AB 
CONTINUE 
GO TO 190

DO 160 ]>ly!28

* 8 7 8 8 :!. 0 8 E - 0 2 y - 1 .1330934 E - 0 2 y 
* 9084655E--01 y -2 * 9708834E-02 ?
* 1 8 5 8 1 3 9 E -   0 1 ? 1.53172 1 6 E -- 0 i y
* 8429567E--02 y -4 * 6019124E--02 ? 
* 8 1 8 7120 E -  0 3 y - 4*51903 6 9E - 0 3 /

* 7715622E--04 y -5 * 9804407E-04 y 
,3960805 E  - 0 4 y  - 8,61726 1 8 E - 0 5 y
* 0304203E-05 y -1 * 2543926E-05 y 
* 9 5 8 4 1 0 8 E  - 0 6 y - 1 * 8 2 7 8 6 4 5 E -  0 6 y 
* 31 13019E-07 y -2 , 66377S3E--07 y 
* 2 8 2 9 8 0 7 E - 0 8 y  - 3 * 8 8 1 9 9 6 9 E  - 0 8 y
* 1563774E-09 y --5 * 657354 IE- 09 y 
* 3343946E-09 y -8 * 2447148E- 1.0 y
,9447072 E  - 1 0 y      1 ,20156 8 5 E - 1. 0 y 
,8343095 E      1 1 y  - 1 * 7 5 1 3 1 3 7 E      i. 1 y

E«*0*0) GO TO 150

S < T < 2 » * LE * TM AX ( 2 ) ) GO TO 130

S ( T ( 2 ) ) » LE * TMAX < 2 » GO TO 190

000:12780 
00012790 
00012800
00012810 
00012820
00012830 
00012840 
00012850
00012860 
00012870 
00012880 
00012890
000:1.2900 
00012910
00012920 
00012930 
00012940 
00012950 
00012960 
00012970 
00012980
00012990 
000:1.3000
00013010 
00013020 
00013030 
00013040 
OOOJ.3050 
00013060
00013070 
00013080 
00013090 
00013100 
00013110
00013120
00013130 
00013140 
00013:150 
00013160
00013170
00013180 
00013190 
00013200 
00013210 
000:1.3220 
000:1.3230
00013240 
00013250 
000:1.3260 
00013270 
00013280 
00013290



M i..i .11 :i. c s B o c LI m e n t a t i o n 
Pros ram MQLVEMCPL

Passe 51

Y~Y*E
OFUNCSNGLCY) )*WTCi:> 
ZHANKO-ZHANKO+C

IF< T C1),EQ,0,0,AND,T < 2),EQ * 0 * 0) GO TO 170 
160 CONTINUE 
170 Y~A#0*7089667994071963201 D+17

DO 180 :!>! »47
Y=Y*ER
C=FUN(SNGL(Y))*WT <194-1)
ZHANKO^ZHANKCH-C
L = L-H
IF(T<1>*EG*0*0*ANn*T<2>*EQ*0*0> GO TO 190 

180 CONTINUE 
190 RETURN

END

C 0 M i::' i... E X F U N C T10 N Z L A G H 0 (X y F U N y T 0!... y L r N E W)
- #*# A SPECIAL LAGGED* CONVOLUTION METHOD TO COMPUTE THE
INTEGRAL FROM 0 TO INFINITY OF ' FUN ( G )#JO ( G#B >*DG ' DEFINED AS 
C 0 M P L E X H A N K E L T RAN S F 0 R M G F 0 R D E R 0 A N D A R G U M E NT' X ( ::;: A!... 0 G ( B ) ) 
B Y C 0 N V 0 i... U T10 N FI!... T E RIN G UIT H C 0 M P L E X F U N C T10 N ' F U N ' -   - A N D 
USING A VARIABLE CUT--OFF METHOD WITH EXTENDED FILTER TAILS*,,

-  B Y W, I... * A N D E R S 0 N y U * 8 * G E 0 L.. 0 GIC A L. S U R V E Y y D E N V E R y C 01... 0 R A D 0 *

-PARAMETERS:

THE

000:1.3300 
00013310 
00013320 
00013330 
00013340 
00013350 
00013360 
00013370 
00013380 
00013390 
00013400 
00013410 
00013420 
00013430 
00013440 
00013450

00013460
00013470
00013480
00013490
00013500
00013510
00013520
00013530
00013540
00013550
00013560

>K X ~ REAL ARGUMENT(-ALOG<B> AT CALL) OF THE HANKEL TRANSFORM 00013570 
f 2 L A G H 0 ' IS U S E F U L 0 N I... Y W H E N X = (1... A S T X ) - ,20 * * * I * E * y 00 013580 
SPACED SAME AS FILTER US ED---IF THIS IS NOT CONVENIENT* 00013590 
THEN SUBPROGRAM 'ZHANKO' IS ADVISED FOR GENERAL USE, 00013600 
( A L S 0 8 E E P ARM ' N E W ' £ NO T E S ( 2 ) -  ( 4 ) B E i... 0 W ) , 00013610 

FUN(G)^ EXTERNAL DECLARED COMPLEX FUNCTION NAME (USER SUPPLIED) 00013620 
OF A REAL ARGUMENT G, 00013630 

NOTE I IF PARMS OTHER THAN G ARE REQUIRED? USE COMMON IN 00013640 
CALLING PROGRAM AND IN SUBPROGRAM FUN, 00013650 
THE COMPLEX FUNCTION FUN SHOULD BE A MONOTONE 00013660 
D ECREA SIN G FUN CT 1 0 N A 8 T HE A R G U M EN T G B EC 0 M ES L A R GE,,,0001367 0 

F 0 R R E A I... - 0 N L Y F U N C T10 N S y S U B P R 0 G RAM ' R I... A G H 0 ' IS A D VIS E D y 0 0 013 6 8 0 
H0W EV ER y T W 0 RE A L-FUN C T10 N S F1< G) y F2(G) MAY B E 0001369 0 
IN T E G R A T E D 1N P A R A I... I... E!... BY W RITIN G F U N = C M!::'!... X ( F1 ( G ) y F 2 ( G ) ) 0 0 013 7 0 0 

R E A i... T 0 L E R A N C E E X C E P T E D A T C 0 N V 0 L.. V E D T AI i... S  -  -1 , E , y 00 013 710 
IF FIL T E R >K F U N < T 0 L # M A X y T i"! E N R E S T 0 F T AI!... IS T R U N C A T E D , 0 0 01372 0 
THIS IS DONE AT BOTH ENDS OF FILTER, TYPICALLY* 00013730 
TO!..    :> ,0001 IS USUALLY OK----BUT THIS DEPENDS ON 00013740 
T H E F U N C T10 N F UN AN D !::' A R A M E T E R X , , , IN G E N E R A L y 0 0 01375 0 

A 'SMALLER TOL' WILL USUALLY RESULT IN 'MORE ACCURACY' 00013760 
BUT WITH 'MORE WEIGHTS' BEING USED, TOL IS NOT DIRECTLY00013770 
RELATED TO TRUNCATION ERRORy BUT GENERALLY SERVES AS AN 00013780 
A P P R 0 XIM A T10 N IN DIC A T 0 R * * * F 0 R V E R Y L A R G E 0 R S M A I... L By 00013790 
ONE SHOULD USE A SMALLER TOL THAN RECOMMENDED ABOVE,,, 00013800



Multics Documentation 
Program MGLVEMCPL

RESULTING NO* FILTER WTS, USED 1'N
CONVOLUTION (L DEPENDS ON TOL AND

MIN,L-"=20 AND MAX,L--193-~-"WHICH COULD

THE VARIABLE 
FUN) *

* NEW'

OCCUR IF TOL IS VERY SMALL AND/OR FUN NOT DECREASING 
VERY FAST,,, 
IS NECESSARY 1ST TIME OR BRAND NEW X,
FOR ALL SUBSEQUENT CALLS WHERE X^(LAST

BY THIS ROUTINE, 
TRUE? ROUTINE WILL

X)-0,20
IS ASSUMED INTERNALLY

IS NOTNOTE! IF THIS 
STILL ASSUME X=(LAST X)-0,20 ANYWAY,,, 
IT IS THE USERS RESPONSIBILITY TO NORMALIZE 
BY CORRECT B^EXP(X) OUTSIDE OF CALL (SEE USAGE 

THE LAGGED CONVOLUTION METHOD PICKS UP SIGNIFICAN 
TIME IMPROVEMENTS WHEN THE KERNEL IS NOT A 
SIMPLE ELEMENTARY FUNCTION,,,DUE TO INTERNALLY 
ALL KERNEL FUNCTION EVALUATIONS WHEN NEW""!,,, 
THEN WHEN NEW»»0? ALL PREVIOUSLY CALCULATED 
KERNELS WILL BE USED IN THE LAGGED CONVOLUTION 
WHERE POSSIBLE? ONLY ADDING NEW KERNEL EVALUATI 
WHEN NEEDED (DEPENDS ON PARMS TOL AND FUN)

BELOW)

SAVING

ONS

THE RESULTING COMPLEX CONVOLUTION SUM IS GIVEN IN ZLAGHO? THE HANKEL
TRANSFORM IS 
THIS ROUTINE

THEN ZLAGHO/B WHICH IS TO BE COMPUTED AFTER EXIT FROM 
,», WHERE B"EXP(X); X^ARGUMENT USED IN CALL,,,

 USAGE- ZLAGHO' IS CALLED AS FOLLOWS

COMPLEX Z?ZLAGHOyZF
EXTERNAL ZF
,, ,
Z"ZLAGHO(ALOG(B)?ZF?TOL?L?NEW)/B
* * ,
END
COMPLEX FUNCTION ZF(G)
,,,USER SUPPLIED CODE,,,
END

 NOTES*
(1), EXP-UNDERFLOW'S MAY OCCUR IN EXECUTING THE SUBPROGRAM 

BELOW? HOWEVER? THIS IS OK PROVIDED THE MACHINE SYSTEM SETS 
ANY % ALL EXP--UNDERFLOWS TO 0,0,,,,
(2), AS AN AID TO UNDERSTANDING & USING THE LAGGED CONVOLUTION 
METHOD? LET BMAX>«BMIN>0 BE GIVEN, THEN IT CAN BE SHOWN 
THAT THE ACTUAL NUMBER OF B'S IS NB=AINT(5,*ALOG(BMAX/BMIN)H-1? 
PROVIDED BMAX/BMIN>*:.1, THE USER MAY THEN ASSUME AN 'ADJUSTED' 
BMINA=BMAX*EXP(-,2*(NB""1)), THE METHOD GENERATES THE DECREASING
ARGUMENTS SPACED 
FOR EXAMPLE? ONE

AS X«ALOG(BMAX)pX-,2?X-',2*2?. 
MAY CONTROL THIS WITH THE CODE!

fALOG(BMINA)

NB^AINT(5,)KALOG(BMAX/BMIN))-+'l
NB1=NB+1
XO=ALOG(BMAX)+,2

00013810 
00013820 
00013830 
00013840 
00013850 
00013860 
00013870 
00013880 
00013890 
00013900 
00013910 
,00013920 
00013930 
00013940 
00013950 
000139AO 
00013970 
00013980 
00013990 
00014000 
00014010 
00014020 
00014030 
00014040 
00014050 
00014060 
00014070 
00014080 
00014090 
00014100 
00014110 
00014120 
00014130 
00014140 
00014150 
00014160 
00014170 
00014180 
00014190 
00014200 
00014210 
00014220 
00014230 
00014240 
00014250 
00014260 
00014270 
00014280 
00014290 
00014300 
00014310 
00014320



M LI 11 i c B D o c u iTi e n t a t i o n 
Program MQLMEMCPL

PssJe 53

NEW-:!. 
DO 1 J ~1 yNB 
]>NB1-J 
X~XO--*2#J 
ARG(I)=EXP(X) 
Z ( I ) =ZL AGHO ( X y ZF y TOL y L y NEW ) /ARG ( 1 )

1 NEW-0
, , ,

( 3 ) , I F R E S U L T S A R E S T 0 R E D I N A R R AYS A R G ( I ) y Z ( I ) y I - 1 y N B F 0 R
A R G IN ( B M J: N A y B M A X ) y T H E N T H E S E A R R A Y S MAY B E U S E D y F 0 R E X A M P !... E y
TO SPLINE- INTERPOLATE AT A DIFFERENT (LARGER OR SMALLER)
SPACING THAN USED IN THE LAGGED CONVOLUTION METHOD,
( 4 ) , I F A D I F F E R E N T R A N G E 0 F B I S D E S I R E D y T H E N 0 N E MAY
ALWAYS RESTART THE ABOVE PROCEDURE IN (2) WITH A NEW
BMAXyBMIN AND BY SETTING NEW="1**#*
(5), ABSCISSA CORRESPONDING TO WEIGHT IS GENERATED TO SAVE STORAG

c o M p L E x F u N y c; y c M A x y s A v i;;:
D T MFNS T ON KFY ( 1 93 ) tf SAVF ( 1 93 ' > v J ( " > ''< » TM A '*' ( ':> ^A. 1 .1. I I I... I f, \.f .1. W i\ 1 '. I-.. I \ .1. / 1..' / / '  ? t t v I... \ .1. / t..1 ." ? 1 \ .'... .' / 1 I I I 1 i \ \ A.. . 

DIMENSION YTU93) y YK76) yY2(76) yY3(41)
EQUIVALENCE ( C y T ( 1 ) ) y ( CMAX y TMAX ( 1 ) )
EQU I VALENCE ( YT ( 1 ) y Yl ( 1 ) ) y ( YT ( 77 ) y Y2 ( 1 ) ) y ( YT ( 1 53 ) y Y3 ( 1 ) )

 - !;;: x r i;;: N D E D F i L T E R w E i G H T A R R AYS?
DATA Yl/

1 5 , 8565723E--08 y 7,1 143477E--1 1 y -7 , 8395565E- L 1 y 8 , 7489547E-1 1 y
2 - 8 ,9007 8 1 1 E -   1 1 y 9 , 8 790055 E - 1 1 y - 9*8675347 E - !. 1 y 1 » 1 1 1 8797 E - 1 0 y
3-1 *0893474E-10» L , 2543400E--l()y -1 , 1979399E- LOy 1 , 4200767E-10 y
4 - 1 ,310634 1 E - LOy 1. , 6 1 5 3 2 2 9 E - 1 0 y      1,423 8 602 E - 1. 0 y 1,8486236 E      L 0 y
5 - 1*53 1 5 3 8 1 E - LOy 2*1319755 E - 1 0 y -  1,623 8 1 1 5 E - i. 0 y 2*4824144 E - L 0 y
6-1 ,6850378E-- LOy 2 , 92438 13E- 10 y -1 , 6909302E- LOy 3 * 4934366E- LOy
7-1 ,6043759E- LOy 4 , 241 7082E--l()y -1 , 3690001 E- LOy 5,2458440E- LOy
8-8 , 9946096E-- L i y 6 , 6188220E-10 y -6 * 6964033E-- L2 y 8 , 5276 15 IE- LO y
9 1,3222770E-- LOy 1 ,1219600E-09? 3 , 5591442E- LO y 1 , 5061956E -09 y
1 7,0795382E-L()y 2 , 0600379E-09 y 1 , 2535947E-09 y 2 , 8646623!;; -09 y
2 2,0904225E-09y 4 , 0409 10 IE-09 y 3 , 3642886E-09 y 5 , 7687700E -09 y
3 5,2930786E--09y 8 , 3164338E--09 y 8 , 2021809E-09 y 1 , 2083635E-08y
4 1 , 2577400E--08 y 1 , 7666303E--08 y 1 , 9143895E-08 y 2 * 595301 IE-08 y
5 2,8983953E-08y 3 * 826885 IE-08 y 4 , 3712685E-08 y 5 * 6590075!;; -08 y
6 6,5740136E-08y 8 , 3864288E-08 y 9 , 8662323E-08 y 1 , 244881 IE -07 y
7 l,478446:!.E-07y 1 ,8501974E-07y 2 , 2129198E-07y 2 , 7524203E -07 y
8 3,3094739E-07y 4 , 0974828E-07 y 4 , 9462868E-07 y 6 , 1030809E -07 y
9 7,3891802E--07y 9 , 0939667E-07 y 1 , 1034727E-06 y 1 , 3554600E -06 y
1 l,6474556E-06y 2 , 0207696E-06 y 2 , 4591294E-06 y 3 , 0131400E-06/
DATA Y2/

1 3»6701680E-06y 4 * 4934 10 IE-06 y 5 , 4770076E-06 ? 6 , 7015208E-06 y
2 8,1726989E-06y 9 , 9954201E-06 y 1 , 2194425E-05 y 1 , 4909101E-05 y
3 .1. ,8194388E-05y 2 * 2239184E--05 y 2 , 7145562E-05 y 3 , 31 74088E-05 y
4 4,0499452E-05y 4 , 9486730E-05 y 6 , 0421440E-05 y 7 , 382200 IE-OS y
5 9,0141902E-05y 1 , 1012552E-04y 1 , 3448017E-04 y 1 * 6428337E--04 y
6 2,0062570E-04, 2 , 4507680E-04 y 2 , 9930366E-04 y 3 , 6560582E-04 y
7 4,4651421E:-04y 5 , 4541300E-04 y 6 , 6612648E--04 y 8 , 1365181E-04 y

00014330 
00014340 
00014350 
00014360 
00014370 
00014380
00014390
00014400
00014410
00014420
00014430
00014440
00014450
00014460
00014470

;;: ooo 14480
00014490
00014500
00014510
00014520
00014530
00014540
00014550
00014560
00014570
00014580
00014590
00014600
00014610
00014620
00014630
00014640
00014650
00014660
00014670
00014680
00014690
00014700
00014710
00014720
00014730
00014740
00014750
00014760
00014770
00014780
00014790
00014800
00014810
00014820
00014830
00014840



M u 11 :i. c s IJ o e '..I iTi e n t s t :i. o n 
Program MQL.UEMCPL

W "" "" ' V

c

1 0

20
3 0

1 1 0

120

130

8 9, 9374786!;; -04? 1 * 2138120E-03 ? 1.
9 2, 21 15938!;; --03? 2 * 7012675E-03 ? 3
1 4, 92 14244!;; --03? 6 , 0106700E--03 ? 7
2 1,0946310E--02? 1 , 3365017E-02 ? !.
3 2,4289325E--02? 2 , 9612896E--02 ? >
4 5,3264829E-02? 6 , 446509 IE-02 ? " '
5 1 , 1 0 0 0 1 2 1 E   - 0 1 ? 1,2 8 1 1 1 0 2 E - 0 1 ? .
6 :U6049224E--01? 1 , 4170064E--01 ? b'
7  - 1,5331864 E - 0 1 y - 2,9094670 E      0 1 ?      2
8 3,90096 0 1 E - 0 1 ? 1,79997 8 5 E - 0 1 ? -   4
9 6 , 5 1 8 4 9 5 3 E - 0 2 ? - 1 ,075 1 8 0 6 E  - 0 1 ? 7
1 2,5309571E--02?-:U3904823E-02? 7
DATA Y3/

1 2,6729062E-03?-1,6073718E--03? 9
2 3 , 6749320E--04 ? -2 , 2635296E--04 ? 1
3 5,3212947E-05?-3,2867888E-05? 2
4 7,7499633E--06?--4,78S2430E--06? 2
5 :U 129357 IE-06? --6, 9778 174E--07? 4
6 1 ,6458373E--07?-1,0168954E--07? 6
7 2 , 3985272E--08 ? -1 , 4819520E--08 ? 9
8 3,4954514E-09?--2, .597005E--09 ? 1
9 5,0941033E-10?--3, .47463 IE-10 ? 1
1 7,4241055E-11 ?-4, 5871468E--1 1 ? 2
2 6,9049613E-12/

IE (NEW) 10? 30? 10
LAG=-1
XO X-26, 30455704
DO 20 IR ::"1?:!.93
KEY(IR)=0
LAG=LAG+1
ZLAGHO^ (0,0 ?(),()>

L = 0
ASSIGN 110 TO M
1 = 129
GO TO 200
TMAX ( 1 ) =AMAX1 < ABS ( T ( 1 ) ) ? TMAX (1 ) )
TMAX ( 2 ) =AMAX1 ( ABS ( T ( 2 ) ) ? TMAX ( 2 ) )
I = 1 + 1
IE<I,LE,146) GO TO 200
I E ( TM AX < 1 ) , EQ , 0 * 0 * AND , TM AX ( 2 ) , EQ

ASSIGN 120 TO M
I :::: 128
GO TO 200
I E ( ABS < T (1)), LE , TMAX ( 1 ) , AND , ABS (
I   " I -  1
IE<I,GT,0) GO TO 200
ASSIGN 140 TO M
1 = 147

,4824945E-
,2991969!;:--
,3405529!;:-
,63149851;:--
,6070402!;:-
, 76641 44E-
,4543025E - 
* 87881 08E-
,9084655!;;:-
, 185 8139 E-
,8429567E-
,8187120E--

,7715622E-
,3960805!;;:--
,0304203!;;:--
,9584108!;;:--
,3ii30i9E--
,2829807E--
,:!.563774E--
,3343946E-
,9447072E-
,8343095E-

,0,0) GO T

TC2) ) ,LE,T

03? 1
03 ? 4
03? 8
02? 1
02? 4
02? 9
01? 1
02?-1
01? -2
01? 1
02? -4
03? --4

04? -5
04? -8
05?- .
06?- .
07?- >
0 & ?      3
09? --5
09? --8

1 0 ? - 1
11 ? -:!.

0 150

MAX(2

, 81 076 57 E-
,0295817!;;:-
,96437081;;:--
,9910907!;;:--
,3876936E-
,2918324E-
,5832248!;;:--
,1330934E-
, 9708834 i;;:--
, 53 172 16 E-
,6019124E-
,5i90369E-

,9804407!;;:--
,6172618!;;:--
,2543926E-
,8278645E-
,66377531;;:-
,8819969E--
,6573541E-
,2447i48E-
,20i5685i;;:--
,75i3i37E-

) ) GO TO 1

0 3 ?
03?
03?
02?
02?
02?
0 1 ?
02 ?
02?
0 1 ?
02?
03/

04?
05?
05?
06?
07?
08?
09?
1 0 ?
1 0 ?
1 .1 ?

3 0

00014850
00014860
00014870
00014880
00014890
00014900
00014910
00014920
00014930
00014940
00014950
00014960
00014970
00014980
00014990
00015000
00015010
00015020
00015030
00015040
00015050
00015060
00015070
00015080
00015090
00015100
00015110
0001 51 ?0
00015130
00015140
00015150
00015160
000:! 5 170
00015180
00015190
00015200
00015210
00015220
00015230
00015240
00015250
00015260
00015270
00015280
00015290
00015300
00015310
00015320
00015330
00015340
00015350
00015360
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GO TO 200
140 I F ( ABS ( T (D), LE * TM AX (1)+ AND * ABS (1(2))* LE * TM AX ( 2 ) ) GG TO 190 

l-i + i
IF (ia..E*193) GO TO 200 
GO TO 190 

150 ASSIGN 160 TO M
:i>i
GO TO 200 

160 IF<TCl)*EQ*0*0*AND*T<2)*EG*0*0) GO TO 170
:i>i-Kt
:i:F(I*LE*128) GO TO 200 

170 ASSIGN 180 TO M
I -19 3
GO TO 200 

1 8 0 I i:" ( T (1 ) * E: Q * 0 * 0 * A N D * T < 2 ) * E Q * 0 * 0 ) G 0 'I' 0 1 9 0
j>i-~.t
:i:F(I,GE*147) GO TO 200 

190 RETURN
C   STORE/RETRIEVE ROUTINE (DONE INTERNALLY TO SAME CALL'S) 
200 LGOK<i:-fLAG

IR~MOD<LOOK*.1.94) 
IF(IR*EQ*0) IR-I.

IF(KEYdR) *LE*IROLL) GO TO 220 
210 i>8AUE(IR)#YT(I)

ZLAGHO-ZLAGHO+C
L^L-fl
G 0 T 0 M y ( 1 1 0 y 1 2 0 , 1 4 0 > :L 6 0 r 1 8 0 ) 

220 KEY(IR)~IROLL+IR
SAVEaR)~FUN<EXP<XO-fFLOAT<LOOK>**20) )
GO TO 210
END

SUBROUTINE ZQUAD1 ( A y B ? RESULT *K *EPSIL , NPTS , I CHECK ? F y MEM )
COMPLEX Ff RESULT ?FUNCT y FZEROr ACUM
DIMENSION FUNCTCI.27) y P ( 381 ) y RESULT ( 8 )
CGMMON/ZQUADP/P 

C  -FOLLOWING CALL ONLY FGR MULTICS SYSTEM:
CALL. ZBLGCK
ICHECK :::: 0 

C CHECK FGR TRIVIAL CASE*
IF (A*EQ»B) GO TO 70 

C SCALE FACTORS*
SUM = (B-fA)/2*0
DIFF = <B-A)/2*0 

C .1.--POINT GAUSS
FZERG = F(SUM)
RESULTCi.)          2*0*FZERO*DIFF
I :::: 0
IGL.D          0
I NEW ::= 1

00015370
00015380
00015390
00015400
00015410
00015420
00015430
00015440
00015450
00015460
00015470
00015480
00015490
00015500
00015510
00015520
00015530
00015540
00015550
00015560
00015570
00015580
00015590
00015600
00015610
00015620
00015630
00015640
00015650
00015660
00015670
00015680
00015690

0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001

5700
5710
5720
5730
5740
5750
5760
5770
5780
5790
5800
5810
5820
5830
5840
5850
5860
5870
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"age

K          2
ACUM ~ (0*0*0*0) 
GO TO 30 

10 IT (K*EQ*8) GO TO 50
Il-XlNEW-flOLD.GE.MEV) GO TO 60 
K          K -f 1

ACUM ::  : (0*0*0*0)

C CONTRIBUTION FROM FUNCTION VALUES ALREADY COMPUTED, 
DO 20 J=1*1OLD 

I          I -f 1
ACUM = ACUM + P(I)*FUNCT(J) 

20 CONTINUE
C CONTRIBUTION FROM NEW FUNCTION VALUES* 

30 I OLD  - IOLD + I NEW 
DO 40 J~INEW * .TOLD 

I = I -f J. 
X ~ PCDJKDIFF 
FUNCT(J) - FCSUMiX) -f F(SUM--X)
i: = i -f :i.
ACUM - ACUM i PCi:)*FUNCT(J) 

40 CONTINUE
INEW  -   ; IOLD i :i.
 [ :::: J .}. ')

RESULT(K) = (ACUM + F:i (I)*FZERO)*DIFF 
C CHECK FOR CONVERGENCE*

IF(ABS(REAL(RESULT(K) ) --REAL. ( RESULT ( K--1) ) ) *LE*EF5 SIL* 
*ABS(REAL(RESULT(K))).AND,
$ ABS(AIMAG(RESULT(K) ) --AIMAG ( RESULT ( K-l) ) ) *LE*EPS:rL# 
$ABS(AIMAG(RESULT(K »)) GO TO 60
GO TO 10 

C CONVERGENCE NOT ACHIEVED*
50 ICHECK = 1 

C NORMAL TERMINATION.
60 NPTS ~ INEW -f IOLD

RETURN
C TRIVIAL CASE 

70 K = 2
RESULTCi.) « (0*OsfO»0)
RESULTC2) :::: (0*0*0.0)
NPTS = 0
RETURN
END

SUBROUTINE ZQUAD2 ( A ? B ̂ RESULT H<y EPSIL , NPTS * ICHECK H:- y MEV )
COMPLEX FM RESULT H:"UNCT ? FZERO « ACUM
DIMENSION FUNCTCi.27) y P(381>? RESULT(8)
COMMON/ZQUADP/P 

C--FOLLOWING CALL ONLY FOR MULTICS SYSTEM?
CALL ZBLOCK
ICHECK = 0 

C CHECK FOR TRIVIAL CASE,
IF <A*EG*JB) GO TO 70

00015880
00015890
00015900
00015910
00015920
00015930
00015940
00015950
00015960
00015970
00015980
00015990
00016000
00016010
00016020
00016030
00016040
00016050
00016060
00016070
00016080
00016090
00016100
00016110
00016120
00016130
00016140
00016150
00016160
00016170
00016180
00016190
00016200
00016210
00016220
00016230
00016240
00016250
00016260
00016270
00016280
00016290

00016300
00016310
00016320
00016330
00016340
00016350
00016360
00016370
00016380
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SCALE FACTORS*
SUM » (B+A)/2*0 
DIFF « (B-A)/2*0 

1-POINT GAUSS
FZERO - F(SUM) 
RESULT(1) '= 2*0*FZERO*DIFF 
I = 0 
IOLD » o 
INEW ~ 1 
K » 2
ACUM :* (0*0?0*0) 
GO TO 30 

10 IF (K*E««8) GO TO 50
IF(INEW+IOLD*GE*MEV) GO TO 60 
K - K + 1 
ACUM " (0*0*0*0)

CONTRIBUTION FROM FUNCTION VALUES ALREADY COMPUTED* 
DO 20 J:=lyIOLD 

I « I 4- 1
ACUM - ACUM  +  P(I)*FUNCT(J) 

20 CONTINUE
CONTRIBUTION FROM NEW FUNCTION VALUES* 
30 IOLD "' IOLD + INEW 

DO 40 J:=INEW?IOLD

X = P(I)*DIFF
FUNCT(J) « F(SUM+X)  +  F(SUM-X) 
I « I + 1
ACUM » ACUM i P(I)*FUNCT(J) 

40 CONTINUE
INEW = IDLD  +  1 
I ' - I  +  1
RESULT (K) :  » (ACUMiP (I)*FZERO) *DIFF 

C H I!!! C K F" 0 R C 0 N V E1=^ G E N C E *
IF(ABS(REAL(RESULT(K) )--REAL(RESULT(K-l)) ) *LE,EPSIL* 

$ABS(REAL(RESULT(K)))*AND«
$ ABS(AIMAG(RESULT(K) >--AIMAG(RESULT(K-l)) ) »LE*EPSIL* 
$ABS(AIMAG(RESULT(K)))) 00 TO 60
GO TO 10 

CONVERGENCE NOT ACHIEVED*
50 ICHECK := 1 

NORMAL TERMINATION* 
60 NPTS :=   INEW + IOLD

RETURN
TRIVIAL CASE 
70 K = 2

RESULT(l) = (0*0?0*0)
RESULT(2) "= (0*0,0*0)
NPTS = 0
RETURN
END

00016390
00016400
00016410
00016420
00016430
00016440
00016450
00016460
00016470
00016480
00016490
00016500
00016510
00016520
00016530
00016540
00016550
00016560
00016570
00016580
00016590
00016600
00016610
00016620
00016630
00016640
00016650
00016660
00016670
00016680
00016690
00016700
00016710
00016720
00016730
00016740
00016750
00016760
00016770
00016780
00016790
00016800
00016810
00016820
00016830
00016840
00016850
00016860
00016870
00016880
00016890
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K? 58

COMPLEX FUNCTION ZSUBI(A? By EPSILy NPTS* ICHECKy I 
COMPLEX RELERR»F?RESULT*ESTIM*COMP 

THIS FUNCTION ROUTINE PERFORMS AUTOMATIC INTEGRATION

LERR* FpHEV)

OVER A FINITE INT 
ALGORITHM ZQUAD:U

ERVAL USING THE 
TOGETHER WITH?

BASIC INTEGRATION 
IF NECESSARYy A NON-

ADAPTIVE 
DIMEN!

SUBDIVISION PROCESS*
ION RESULTC8) 

OUTINTEGER BAB;
LOGICAL RHS
EXTERNAL F
DATA NMAX/4096/
CALL ZQUADKAy By RESULTy Ky EPSILy NPTSy ICHECKy FyMEV)
ZSUBI '-' RESULT (K)
RELERR - (0*OyO*0)
IF (REAL (ZSUBI) *NE*0*0*AND*A1MAG(ZSUB1) *NE*0*0) RELERR-- 

$ CMPLX ( ABS (REAL ( RESULT (K) --RESULT (K-l) ) )/REAL (ZSUBI) y 
$ ABS ( AIMAG < RESULT (K) --RESULT (K-l) ) )/AIMAG ( ZSUBI) ) 

C CHECK IF SUBDIVISION IS NEEDED*
IF (1CHECK*EQ*0) RETURN 

C SUBDIVIDE
ESTIM^ZSUBDKEPSIL
ESTIM«CMPLX(ABS(REAL(ESTIM))yABS(AIMAG(ESTIM)))
1C =' :!.
RHS «= * FALSE*
N » 1
H - B - A
BAD - 1 

10 ZSUBI
RELERR
H '» H*0*5
N »= N -f N 

C INTERVAL (AyB) 
C INTEGRATE OVER 
C HAS OCCURRED*

Ml '» BAD
M2 := BAD + 1
OUT   » 1
GO TO 50 

C INTEGRATE OVER
20 Ml :» 1

M2 = BAD  -
RHS »»
OUT -
GO TO

C INTEGRATE OVER SUBINTERVALS 
30 Ml - BAD -f 2

M2          N
OUT » 3
GO TO 50

C SUBDIVISION RESULT 
40 ICHECK « 1C

IF(REAL(ZSUB1)*EQ*0*0) GO TO 42

(0+OyO*0) 
(0*0y()*0)

DIVIDED INTO 
SUBINTERVALS

N EQUAL SUBINTERVALS*
BAD TO (BAD4-1) WHERE TROUBLE

SUBINTERVALS 1 TO (BAD-1)

*FALSE*
 "5

50
(BAIM-2) TO N*

00016900
00016910
00016920
00016930
00016940
00016950
00016960
00016970
00016980
00016990
00017000
00017010
00017020
00017030
00017040
00017050
00017060
00017070
00017080
00017090
00017100
00017110
00017120
00017130
00017140
00017150
00017160
00017170
00017180
00017190
00017200
00017210
00017220
00017230
00017240
00017250
00017260
00017270
00017280
00017290
00017300
00017310
00017320
00017330
00017340
00017350
00017360
00017370
00017380
00017390
00017400
00017410
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Page 59

IF(AIMAG(ZSUBl),EQ,0,0) GO TO 44 
RELERR-CMPLX( REAL. (RELERR) /ABS (REAL (ZSUB:!.) ) y 

$ AIMAG(RELERR)/ABS(AIMAG(ZSUB1)))
RETURN 

42 IF(AIMAG(ZSUB1),EQ,0,0) GO TO 46
RELERR^CMPLX(0,0;AIMAG(RELERR)/ABS(AIMAG(ZSUB1) 
RETURN 

44 RELERR=CMPLX(REAL(RELERR)/ABS(REAL(ZSUBl))yO,0)
RETURN 

46 RELERR»»(0,OyO,0)
RETURN

C INTEGRATE OVER SUBINTERVALS Ml TO M2, 
50 IF (M1,GT,M2) GO TO 90 

DO 80 JJ»MlyM2
J »: JJ

C EXAMINE FIRST THE LEFT OR RIGH 
C TROUBLESOME INTERVAL DEPENDING 

IF (RHS) J » M2 + Ml - JJ 
ALPHA = A + H*(J-1) 
BETA = ALPHA + H 
CALL ZQUAD1(ALPHA? BETAy RESULT 
COMP '" (RESULT(M)-RESULT(M-D) 

COMP»CMPLX(ABS(REAL(COMP))yABS(AIMAG(COMP)»
NPTS = NPTS  +  NF 

IF(NPTS,GE,MEV) GO TO 70
IF (ICHECK,NE,1) GO TO 70 

IF(REAL(COMP),LE,REAL(ESTIM),AND, 
$ AIMAG(COMP),LE,AIMAG(ESTIM)) GO TO 100 

C SUBINTERVAL J HAS CAUSED TROUBLE*
C CHECK IF FURTHER SUBDIVISION SHOULD BE CARRIED OUT 

IF (N,EQ»NMAX) GO TO 60 
BAD » 2*J - 1

HALF OF THE SUBDIVIDED 
ON THE OBSERVED TREND*

My EPSILy NFy ICHECKy FyMEV)

RHS FALSE,
EG,(» RHS .TRUE

60 
70 
GO

RESULT(M)

CQMP

IF ((J-2*(J/2)) 
GO TO 10 
1C = -IABS(IC) 
ZSUB1 = ZSUB1 4- 

CONTINUE
RELERR = RELERR + 

90 IF(OUT-2) 20y30y40 
C RELAXED CONVERGENCE 

100 1C '= ISIGN(2;IC) 
GO TO 70 
END

COMPLEX FUNCTION ZSUB2(Ay By EPSIL? NPTSy ICHECK'y RELERRy FyMEV)
COMPLEX RELERRyFyRESULTyESTIMyCOMP

C THIS FUNCTION ROUTINE PERFORMS AUTOMATIC INTEGRATION 
C OVER A FINITE INTERVAL USING THE BASIC INTEGRATION 
C ALGORITHM ZQUAD2y TOGETHER WITH; IP NECESSARYy A NON- 
C ADAPTIVE SUBDIVISION PROCESS,

DIMENSION RESULT(8)

00017420
00017430
00017440
00017450
00017460
00017470
00017480
00017490
00017500
00017510
00017520
00017530
00017540
00017550
00017560
00017570
00017580
00017590
00017600
00017610
00017620
00017630
00017640
00017650
00017660
00017670
00017680
00017690
00017700
00017710
00017720
00017730
00017740
00017750
00017760
00017770
00017780
00017790
00017800
00017810
00017820
00017830
00017840
00017850

0001
0001
0001
0001
0001
0001
0001

7860
7870
7880
7890
7900
7910
7920
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60

REL 
:BUB2

ERR-
> y

INTEGER BAD? OUT
LOGICAL RHB
EXTERNAL F
DATA NMAX/4096/
CALL ZQUAD2(Ay By RESULTy Ky EPSILy NPTSy ICHECKy FyMEV)
ZBUB2 » REBULT(K)
RELERR »" (0«OyO*0)
IF(REAL(ZSUB2)*NE,0,0,AND * AIHAG(ZSUB2)*NE,0,0) 

$ CMPLX(ABS(REAL(RESULT(K)-RESULT(K--1) ) )/REAL(ZI 
$ ABS(AIMAG(RESULT(K)-RESULT<K-1)))/AIMAG(ZBUB2 

CHECK IF SUBDIVISION IS NEEDED*
IF (ICHECK*EQ*0> RETURN 

SUBDIVIDE
ESTIM»ZSUB2*EPSIL
ESTIM^CMPLX(ABS(REAL(ESTIM))yABS(AIMAG(ESTIM))
1C »= 1
RHS - * FALSE*
N = 1
H     - B - A
BAD ::;: 1 

10 ZSUB2
RELERR
H -  H#0*5
N «= N -f N 

INTERVAL (AyB) 
INTEGRATE OVER 
HAS OCCURRED*

Ml :::: BAD
M2 = BAD
OUT          1
GO TO 50 

INTEGRA 
20 Ml

H2
RHS

0*OyO*0) 
(0*OyO*0)

DIVIDED INTO 
SUBINTERVALS

N EQUAL SUBINTERVALS*
BAD TO (BAD-Ki. ) WHERE TROUBLE

f 1

OUT 

GO

OVER SUBINTERVALS 
1 
BAD - 1

, FALSE,

1 TO (BAD-1)

'0
50

INTEGRATE OVER 
30 Ml - BAD -f

M2          N
OUT =: 3 
GO TO 50

SUBINTERVALS (BAD+2) TO N

C SUBD
40

ION

4;

RESULT
[CHECK ~: 1C

[F(REAL(ZSUB2)*EQ*0*0) GO 
I! F ( AI HAG ( ZSUB2 ) * EQ ,0,0 ) GO 
RELERR^CMPLX(REAL(RELERR)/ABS<REAL(ZSUB2)) >
AIMAG(RELERR)/ABS(AIMAG(ZSUB2))) 

RETURN
IF(AIMAG(ZSUB2)*EQ,0,0) GO TO 46
RELERR^CHPLX(0 * 0 r AIMAG(RELERR)/ABB(AIHAG(ZSUB2 
RETURN

00017930 
00017940 
000:1.7950 
000:1.7960 
00017970 
00017980 
00017990 
00018000 
00018010 
00018020 
00018030 
00018040 
00018050 
00018060 
00018070 
00018080 
00018090 
00018100 
00018110 
00018120 
00018130 
00018140 
00018150 
00018160 
00018170 
00018180 
00018190 
00018200 
00018210 
00018220 
00018230 
00018240 
00018250 
00018260 
00018270 
00018280 
00018290 
00018300 
00018310 
00018320 
00018330 
00018340 
00018350 
00018360 
00018370 
00018380 
00018390 
00018400 
00018410 
00018420 
00018430 
00018440
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6:.

44 RELERR-CMPLX(REAL(RELERR)/ABS(REAL(ZSUB2)).0*0)
RETURN 

46 RELERR»=(0,0?0,0)
RETURN

INTEGRATE OVER SUBINTERVALS Ml TO M2, 
50 IF (M1,GT,M2) GO TO 90 

HO 80 JJ^M1?M2
J = JJ

EXAMINE FIRST THE LEFT OR RIGHT HALF OF THE SUBDIVIDED 
TROUBLESOME INTERVAL DEPENDING ON THE OBSERVED TREND, 

IF (RHS) J = M2  *  Ml - JJ 
ALPHA = A + H*(J-1) 
BETA = ALPHA + H
CALL ZQUAD2(ALPHA? BETA? RESULT? M? EPSIL? NF? ICHECK? 
COMP =; (RESULT(M)-RESULT(M-D) 

COMP»=CMPLX(ABS(REAL (COMP) ) ?ABS(AIMAG(COMP) ) )
NPTS » NPTS + NF 

IF(NPTS,GE,MEV) GO TO 70
IF (ICHECK,NE,1) GO TO 70 

IF(REAL(COMP),LE,REAL(ESTIM),AND, 
$ AIMAG(COMP),LE,A1MAG(ESTIM)) 00 TO 100 

SUBINTERVAL J HAS CAUSED TROUBLE,
CHECK IF FURTHER SUBDIVISION SHOULD BE CARRIED OUT, 

IF (N,EQ,NMAX) GO TO 60 
BAD ^ 2*J - 1

Fs-MEV)

RHS - ,FALSE, 
IF ((J-2*(J/2» 
GO TO 10

60 1C =: -IABS(IC) 
70 ZSUB2 = ZSUB2  * 
80 CONTINUE

RELERR = RELERR 
90 IF(OUT-2) 20?30

Ea,(» RHS

RESULT(M)

+ TRUE

i COMP 
40

C RELAXED CONVERGENCE 
100 1C = ISIGN(2?IC) 

GO TO 70 
END

COMPLEX FUNCTION ZSUBAKA? B? EPSIL? NPTS? ICHECK? RELERR? F?MEV)
COMPLEX RELERR?F?RESULT?ESTIM?COMP

C THIS FUNCTION ROUTINE PERFORMS AUTOMATIC INTEGRATION 
C OVER A FINITE INTERVAL USING THE BASIC INTEGRATION 
C ALGORITHM ZQUAD1 TOGETHER WITH? IF NECESSARY AN ADAPTIVE 
C SUBDIVISION PROCESS, IT IS GENERALLY MORE EFFICIENT THAN 
C THE NON-ADAPTIVE ALGORITHM ZSUB1 BUT IS LIKELY TO BE LESS 
C RELIABLE(SEE COMP,J,?14?189?1971),

DIMENSION RESULT(8)? STACK(IOO)
EXTERNAL F
DATA ISMAX/100/
CALL ZQUADKA? B? RESULT? K? EPSIL? NPTS? ICHECK? F?MEV)
ZSUBA1 = RESULT(K)
RELERR = (0,0?0,0)

00018450
00018460
00018470
00018480
00018490
00018500
00018510
00018520
00018530
00018540
00018550
00018560
00018570
00018580
00018590
00018600
00018610
00018620
00018630
00018640
00018650
00018660
00018670
00018680
00018690
00018700
00018710
00018720
00018730
00018740
00018750
00018760
00018770
00018780
00018790
00018800
00018810

00018820
00018830
00018840
00018850
00018860
00018870
00018880
00018890
00018900
00018910
00018920
00018930
00018940
00018950
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IF (REAL (ZSUBAl) + NE + 0 + (),AND + AIMAG(ZSUBA1) +NE+0+0) RELERR- 
$ CMPLX(ABS(REAL(RESULT(K)-RESULT(K--1)))/REAL (ZSUBAl) ? 
$ ABS (AIMAG (RESULT (K) -RESULT (K-l) ) )/Al'MAG( ZSUBAl) ) 

C CHECK IF SUBDIVISION IS NEEDED
IF (ICHECK+EQ+0) RETURN 

C SUBDIVIDE
ESTIM»ZSUBA1*EPSIL
ESTIM=CMPLX(ABS(REAL(ESTIM))?ABS(AIMAG(EST1M)))
RELERR = (0+0?0+0)
ZSUBAl = (0+0*0+0)
IS = 1

:i.0

1C « 
SUB1 
SUB3 
SUB2 
CALL SUB2? RESULT? K? EPSIL? NF? ICHECK? F?MEV)

: (SUB1+SUB3) 
ZQUADKSUB1? 

NPTS '= NPTS + NF 
IF(NPTS,GE+MEV) GO TO 50 
COMP ^ (RESULT(K)-RESULT(K-l)) 
COMP=CMPLX(ABS(REAL(COMP))?ABS(A1MAG(COMP))) 
IF (ICHECK+EQ+0) GO TO 30 
IF(REAL(COMP)+LE+REAL(ESTIM)+AND+ 

$ AIMAG(COMP)+LE+AIMAG(ESTIM)) GO TO 70
IF (IS+GE+ISMAX) GO TO 20 

C STACK SUBINTERVAL (SUB1?SUB2) FOR FUTURE EXAMINATION
STACK(IS) »»
 i'q .% Tq + i
j. W j* W I j.

SUB1

RESULT(K)
COMP
SUB3; RESULT?

) )

STACK(IS) «= SUB2
IS = IS + 1
GO TO 40

20 1C - -I ABS (1C) 
30 ZSUBAl «: ZSUBA1 -f

RELERR          RELERR  + 
40 CALL ZQUADKSUB2y

NPTS :::: NPTS + NF
IF(NPTS+OE,MEV) GO TO 50
COMP =: ( RESULT ( K ) -RESULT ( K
COMP=CMPLX ( ABS ( REAL ( COMP ) )
IF (ICHECK+EQ+0) GO TO 50
IF (REAL (COMP) +LE+REAL(ESTIM) »AND» 

$ AIMAG(COMP) .LEtAIMAG(ESTIM) ) GO TO 
C SUBDIVIDE INTERVAL (SUB2;SUB3)

SUB1 = SUB2
GO TO 10 

50 ZSUBAl - ZSUBAl -f RESULT (K)
RELERR <= RELERR -f COMP
IF(NPTS+GE»MEV) RETURN
IF (IS+EO+1) GO TO 60 

C SUBDIVIDE THE DELINQUENT INTERVAL LAST STACKED
IS « IS  - 1
SUB3 "   STACK (IS)

EPSIL? NFf ICHECKy FyMEV)

ABS(AIMAG(COMP)))

80

IS IS 1

000:18960 
000:1.8970 
00018980 
00018990 
00019000 
00019010 
00019020 
00019030 
00019040 
00019050 
00019060 
00019070 
00019080 
00019090 
00019100 
00019110 
00019120 
00019130 
00019140 
00019150 
00019160 
00019170 
00019180 
00019190 
00019200 
00019210 
00019220 
00019230 
00019240 
00019250 
00019260 
00019270 
00019280 
00019290 
00019300 
00019310 
00019320 
00019330 
00019340 
00019350 
00019360 
00019370 
00019380 
00019390 
00019400 
00019410 
00019420 
00019430 
00019440 
00019450 
00019460 
00019470
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63

SUB1 = BTACK(IB) 
(30 TO 10 

SUBDIVISION RESULT
60 ICHECK = 1C

IF(REAL(Z81JBA1) +EG+0+0) GO TO 62 
IF<AlMAG<ZBUBA:i. ) *EQ*0*0> GO TO 64
RELERR=CMPLX(REAL(RELERR)/ABS(REAL(ZSUBA1)), 

$ A1MAG(RELERR>/ABB < AIMAG < ZBUBA1>)>
RETURN 

62 IF(AIMAG(ZSUBA1)+E«+0+0) GO TO 66
RELERR-CMPLX(0+0,AIMAG(RELERR)/ABS(AIMAG(ZSUBA1)
RETURN 

64 RELERR=CMPLX(REAL(RELERR)/ABB(REAL(ZSUBAl)),0+0)
RETURN 

66 RELERR:'»( 0 + 0,0 + 0)
RETURN

RELAXED CONVERGENCE 
70 1C ^ ISIGN(2,IC)

GO TO 310 
80 1C «« ISIGN(2,IC)

GO TO 50
END

COMPLEX FUNCTION ZSUBA2(A, B, EPSIL, NPTS, ICHECK, RELERR
COMPLEX RELERR,F,RESULT,ESTIM,COMP

C THIS FUNCTION ROUTINE PERFORMS AUTOMATIC INTEGRATION 
C OVER A FINITE INTERVAL USING THE BASIC INTEGRATION 
C ALGORITHM ZQUAD2 TOGETHER WITH, IF NECESSARY AN ADAPTIVE 
C SUBDIVISION PROCESS* IT IS GENERALLY MORE EFFICIENT THAN 
C THE NON-ADAPTIVE ALGORITHM ZSUB2 BUT IS LIKELY TO BE LESS 
C RELIABLE(SEE COMP+J+,14,189,1971)+

DIMENSION RESULT(8), STACK(IOO)
EXTERNAL F
DATA ISMAX/100/
CALL ZQUAD2(A, B, RESULT, K, EPSIL, NPTS, ICHECK, F,MEV)
ZSUBA2 = RESULT(K)
RELERR » (0+0,0+0)
IF(REAL(ZSUBA2)+NE+0+0+AND+AIMAG(ZSUBA2)+NE+0+0) RELERR= 

$ CMPLX(ABS(REAL(RESULT(K)-RESULT(K-1)))/REAL(ZSUBA2), 
$ ABS(AIMAG(RESULT(K)-RESULT(K-1)))/AIMAG(ZSUBA2)) 

C CHECK IF SUBDIVISION IS NEEDED
IF (ICHECK+EQ+0) RETURN 

C SUBDIVIDE
ESTIM:«ZSUBA2*EPSIL
ESTIM=CMPLX(ABS(REAL(ESTIM)),ABS(AIMAG(ESTIM)))

MEV)

RELERR 
ZSUBA2 
IS »= 1 
1C = 1 
SUB1 = 
SUB3 =» 

10 SUB2 =

:= (0 + 0,0,0) 
:" (0 + 0,0 + 0)

A 
B 
(SUB1+SUB3)*0

00019480
00019490
00019500
00019510
00019520
00019530
00019540
00019550
00019560
00019570
00019580
00019590
00019600
00019610
00019620
00019630
00019640
00019650
00019660
00019670
00019680
00019690

00019700
00019710
00019720
00019730
00019740
00019750
00019760
00019770
00019780
00019790
00019800
00019810
00019820
00019830
00019840
00019850
00019860
00019870
00019880
00019890
00019900
00019910
00019920
00019930
00019940
00019950
00019960
00019970
00019980



Multics Documentation 
Program MQLVEMCPL

Pa^e 64

CALL Z«UAD2(SUBly SUB2; RESULT? K; EPSILy NFy ICHECK? FyMEV)
NPTB = NPTB + NF
IF(NPTS*GE*MEV) GO TO 50
CGMP          (RESULT (K) -RESULT(K--1) )
CGMP-CMPLXC ABB ( REAL. (COMP) ) * ABB ( A1MAG ( CGMP ) ) ) 
1'F (ICHECK»EQ»0) GO TO 30 
IF(REAL(CGMP)*LE.REAL(ESTIM)*AND* 

$ AIMAG(CGMP) *LE*AIMAG(ESTIM)) GO TO 70
IF (IS*GE*ISMAX) GO TO 20

C STACK SUBINTERVAL (SIJB.1. y SUB2) FOR FUTURE EXAMINATION 
BTACK(IB) « SUB1 
IS = IS -f :l. 
STACK(IS) » BUB2 
IS « IS -f 1 
GO TO 40 
1C »= --IABB (1C) 
ZBUBA2 «= ZBUBA2 -f RESULT(K) 
RELERR » RELERR 4- CGMP

20
30

40 CALL ZQUAIJ2(BUB2? BUB3y 
NPTB = NPTS -f NF

RESULT* Kv EPSILy NF? ICHECK; F;MEV)

IF(NPTS+GE»MEV) GO TO 50
COMP » (RESULT(K)-RESULT(K-l))
CQMP=*CMPLX<ABB(REAL(COMP) )yABS(AIMAG(CGMP)))
IF (ICHECK»EQ»0) GO TO 50
IF (REAL. (CGMP) *LE.REAL(ESTIM) *AND* 

$ AIMAG(COMP)+LE+AIMAG(ESTIM)) GO TO 80 
C SUBDIVIDE INTERVAL (SUB2?SUB3)

SUB1 = BUB2
GO TO 10 

50 ZSUBA2 =» ZBUBA2 i RESULT(K)
RELERR = RELERR -f COMP
IF(NPTS»GE,MEV) RETURN
IF (IS»EQ+1) GO TO 60 

C SUBDIVIDE THE DELINQUENT INTERVAL LAST STACKED
IS « IS -  1
SUB3 » STACK(IS)
IS = IS - 1
SUB1 = STACK(IS)
GO TO 10

C SUBDIVISION RESULT 
60 ICHECK = 1C

IF(REAL(ZSUBA2)»EQ+0
IF(AIMAG(ZSUBA2)»ECJ +

0) GO TO 62
GO TO 64

RELERR=CMPLX(REAL(RELERR)/ABS(REAL(Z8UBA2))y 
$ AIMAG(RELERR)/ABS(AIMAG(ZSUBA2»)
RETURN 

62 IF(AIMAG(ZSUBA2)+EQ,0»0) GO TO 66
RELERR=CMPLX(0+OyAIMAG(RELERR)/ABS(AIMAG(ZSUBA2))) 
RETURN 

64 RELERR=CMPLX(REAL(RELERR)/ABS(REAL(ZSUBA2))yO+0)
RETURN 

66 RELERR=(0+0;0+0)

00019990
00020000
00020010
00020020
00020030
00020040
00020050
00020060
00020070
00020080
00020090
00020100
00020110
00020120
00020130
00020140
00020150
00020160
00020170
00020180
00020190
00020200
00020210
00020220
00020230
00020240
00020250
00020260
00020270
00020280
00020290
00020300
00020310
00020320
00020330
00020340
00020350
00020360
00020370
00020380
00020390
00020400
00020410
00020420
00020430
00020440
00020450
00020460
00020470
00020480
00020490
00020500
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Pasie 65

RETURN
C RELAXED CONVERGENCE

70 1C M ISIGN(2vIC)
GO TO 30

80 1C :::: ISIGN(2yIC)
GO TO 50
END

SUBROUTINE POLAR(ZRyZlyDEG,AMP)
C PARMS ZR          GIVEN REAL(Z) OR X-CGORD,
C ZI « GIVEN IMAG(Z) OR Y-COORD*
C DEG- COMPUTED PHASE IN DEGREES (0*360,)
C AMP» COMPUTED AMPLITUDE,
C

DATA P I y P 12/3,1415927*6+ 2831 853/
IF(ZR,EQ,0,AND,ZI,EQ,0) GO TO 9
PV=ATAN2(ABS(ZI) yABS(ZR) )
IF(ZI,GE,0,AND,ZR,GE,0) GO TO 10
1F(ZI,GE,0,AND,ZR,LT,0) GO TO 20
1F(ZI,LT,0,AND+ZR,LE,0) GO TO 30
RAD=PI2-PV
GO TO 40

9 DEG«0+
AMP-0,
RETURN

10 RAD=PV
GO TO 40

20 RAD=PI-PV
GO TO 40

30 RAD=PI+PV
40 AM P = S Q R T (ZR*Z R -f ZI*Z 1 )

DEG=57* 2957795 1#R AD
RETURN
END

SUBROUTINE ERRMSG(MSGy M5* 16* 19)
C-  ERROR MESSAGE!! WRITE ROUTINE AND STOP; WHERE 
C
C MSG» ANY MULTIPLE OF 5 CHARACTERS MAX, OF 120
C (USE NH   -"- -       FORM FOR ANSI COMPATIBILITY)
C M5"' NO, CHARS IN MSG/5 (REMAINDER MUST BE 0) 1,LE,M5,LE,24
C 16- 1ST UNIT FOR WRITE(I6? ) MSG  -- USUALLY 16-6 FOR LPT,
C IF I6,LE,0 UNIT 16 IGNORED,
C 19- 2ND UNIT FOR WRITE(19, ) MSG  --
C IF I9,LE,0; UNIT 19 IGNORED,
C  MESSAGE WRITTEN IN FORM--
C /ERROR  MSG HERE
C

DIMENSION MSG(30)
J-S*MS

IF(I6,GT,0) WRITE (16? 10) ( MSG( I ) y 1=1 y K)

00020510
00020520
00020530
00020540
00020550
00020560
00020570

00020580
00020590
00020600
00020610
00020620
00020630
00020640
00020650
00020660
00020670
00020680
00020690
00020700
00020710
00020720
00020730
00020740
00020750
00020760
'00020770
00020780
00020790
00020800
00020810
00020820
00020830

00020840
00020850
00020860
00020870
00020880
00020890
00020900
00020910
00020920
00020930
00020940
00020950
00020960
00020970
00020980
00020990
00021000
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10 FORMAT</8H ERROR--- y 30A4) 00021010
IF<I9*GT*0> WRITE (19 y 10) (MSG(I) ?]>1?K) 00021020
CALL CLOSE....EILE( '--ALL' ) 00021030

C 00021040
STOP 00021050
END 00021060

COMPLEX FUNCTION ZHANKS(NyByFUNyTOLyNF 9 NEW) 00021070
!"' ............................................................................................................................................,....................................................................................................-.......................................... /'-. ,-"\ /\  ") -j f\ O f\
I..* **" *"** *"" "" *"*" ***" **** **"* **" "** "" **** *"* *""* "" "** "*" ""* *"" *"" "" *"** *'** "*" "" *"" "*** "*** ""* "" **" **** *"* "*"" **" *"*" "" ""*" **"" *"*" **" **" "*"* ****  "" *"* **** "*" **" "*"* *"" '"" "*" *"* "** ""* "*** *"" "**' *"*" **" """ **** "** "" **" **** ""* *"" "*"* **** \f \.' W A*., .1. \/ 1,5 \.*

C COMPLEX HANKEL TRANSFORMS OF ORDER 0 OR 1 FOR RELATED (SAVED) KERNELS00021090
C AND FIXED TRANSFORM ARGUMENT B.GT.O, 00021100
C 00021:1.10 
C----REFI ANDERSQNy W . L , « 1979? GEOPHYSICS ? VOL. 44? NO. 7? P. 1287--1305, 00021120
C 00021130 
C---SUBPROGRAM ZHANKS EVALUATES THE INTEGRAL. FROM 0 TO INFINITY OF 00021140
C FUN(G>*JN(G*B)*DGy DEFINED AS THE COMPLEX HANKEL TRANSFORM OF 00021150
C ORDER N 00 OR 1) AND TRANSFORM ARGUMENT B.GT.O. THE METHOD IS BY 00021160
C ADAPTIVE DIGITAL FILTERING OF THE COMPLEX KERNEL FUNCTION FUN? 00021170
C USING DIRECT AND/OR PREVIOUSLY SAVED KERNEL FUNCTION VALUES, 00021180
C 00021.1.90 
C- PARAMETERS (ALL INPUT* EXCEPT NF) 00021200
C 0()02i 210
C N - ORDER <-~0 OR 1) OF THE HANKEL TRANSFORM TO BE EVALUATED* 00021220
C B - REAL TRANSFORM ARGUMENT B.GT.0.0 OF THE HANKEL TRANSFORM. 00021230
C IF NEW=Ov B IS ASSUMED EQUAL TO THE LAST B USED WHEN NEW=100021240
C (SEE PARAMETER NEW AND SUBPROGRAM USAGE BELOW), 00021.250
C FUNCG>~ EXTERNAL DECLARED COMPLEX FUNCTION NAME (USER SUPPLIED) 0002
C OF A REAL ARGUMENT G.GT,0, THIS REFERENCE MUST BE SUPPLIED00021.270
C EVEN WHEN NEW»Oy SINCE THE ADAPTIVE CONVOLUTION 0002
C MAY NEED SOME DIRECT FUNCTION CALLS (E,G, IF TOL REDUCED)*0002
C IF PARAMETERS OTHER THAN G ARE REQUIRED IN FUN? USE COMMON0002

IN THE CALLING PROGRAM AND IN SUBPROGRAM FUN. BOTH 0002
REAL AND IMAGINARY PARTS OF THE COMPLEX FUNCTION RJN(G) 0002
MUST BE CONTINUOUS BOUNDED FUNCTIONS FOR G.GT.O.O, FOR A 0002

1300
310
L320 
L330

C REAL FUNCTION FKG)? FUN~CMPLX(F:L <G ) * 0*0 ) MAY BE USED, 00021.340 
C TWO INDEPENDENT REAL-FUNCTIONS Fl(G)yF2<G) MAY BE 
C INTEGRATED IN PARALLEL BY WRITING FUN==CMPLX ( Fl ( G) yF2 ( G ) ) > 00021.360

L37C) 
1.380 
1.390 
1400 
i.410

C TOL = REQUESTED REAL TRUNCATION TOLERANCE ACCEPTED AT THE FILTER0002
C TAILS FOR ADAPTIVE FILTERING. A TRUNCATION CRITERION IS 0002
C DEFINED DURING CONVOLUTION IN A FIXED ABSCISSA RANGE AS 0002
C THE MAX, ABSOLUTE CONVOLVED PRODUCT TIMES TOL. TYPICALLYy0002
C TOL.LE*O.OOOOl WOULD GIVE ABOUT ,01 PER CENT ACCURACY 0002
C FOR WELL-BEHAVED KERNELS AND MODERATE VALUES OF B, FOR 0002
C VERY LARGE OR SMALL By A VERY SMALL TOL SHOULD BE USED, 0002
C IN GENERAL. DECREASING THE TOLERANCE WOULD PRODUCE HIGHER 0002
C ACCURACY IN THE CONVOLUTION SINCE MORE FILTER WEIGHTS ARE 0002
C USED (UNLESS EXPONENT UNDERFLOWS OCCUR IN THE KERNEL 0002
C EVALUATION -- SEE NOTE (1) BELOW), 0002
C FOR MAXIMUM ACCURACY POSSIBLE? TOL=0*0 MAY BE USED, 0002 
C NF ~ TOTAL NUMBER OF DIRECT FUN CALLS USED DURING CONVOLUTION 0002
C FOR ANY VALUE OF NEW (NF IS AN OUTPUT PARAMETER), 0002L500
C NF IS IN THE RANGE 21,LE,NF,LE»283 WHEN NEW=1, USUALLY? 0002

9 P 0
L290

1.420
1.430
1.440
1.450
1.460
1.470
1.480
1.490

1.510
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NF IS MUCH LESS THAN 283 (OR 0) WHEN NEW^O, 
NEW =1 IS REQUIRED FOR THE VERY FIRST CALL TO ZHANKSy OR 

FORCING DIRECT FUNCTION FUN(G) CALLSy E,G,y IF USI 
ZHANKS FOR UNRELATED KERNELS,
NEW=1 INITIALIZES COMMON/SAVE/FSAVE(283)yGSAVE(2Q3 
FOR NSAVE COMPLEX KERNEL VALUES IN FSAVE AND CORRE 
REAL ARGUMENTS IN GSAVE FOR THE GIVEN PARAMETER B, 

NEW -=0 TO USE RELATED KERNELS (MODIFIED BY USER) CURRENTL 
IN COMMON/SAVE/, FUN IS CALLED ONLY IF REQUIRED 
DURING THE CONVOLUTION, ADDITIONAL FUNCTION VALUE 
NEEDED ARE AUTOMATICALLY ADDED TO THE COMMON/SAVE/

00021520
00021530
00021540

******* NOTE THAT IT IS THE USERS RESPONSIBILITY TO MODIFY THE
COMMON FSAVEO VALUES FOR NEW=0 CALLSy EXTERNALLY IN
THE USERS CALLING PROGRAM (SEE SUBPROGRAM USAGE BELOW)

NG

)yNSAVE 00021560
SPONDING00021570

00021580
Y STORED00021590 

00021600 
00021610 
00021620 
00021630 
00021640 
00021650 
00021660 
00021670

WHEN 
BLOCK

--SUBPROGRAM USAGE- ZHANKS IS CALLED AS FOLLOWS

COMPLEX ZlyZ2yZHANKS;FSAVE 
COMMON/SAVE/FSAVE(283)pQSAVE(283)yNSAVE 
EXTERNAL ZFlyZF2

Zl»ZHANKS(NlyByZFlyTOI_yNFlyl)
DO 1 1^1,NSAVE

C MODIFY FSAVE IN COMMON/SAVE/ TO OBTAIN RELATED ZF2 FROM ZF1, 
C--E,G, FSAVE(I)^GSAVE(I)*FSAVE(I)   FOR RELATION ZF2(G)«G*ZF1(G) 

1 CONTINUE
Z2»ZHANKS(N2yByZF2yTOLyNF2yO)
+ + ,
END
COMPLEX FUNCTION ZF1(G)
,,,USER SUPPLIED CODE FOR DIRECT EVALUATION OF ZFl(G)y G,GT,0,
END
COMPLEX FUNCTION ZF2(G)
+,,USER SUPPLIED CODE FOR DIRECT EVALUATION OF ZF2(G)y G,GT,0,
END

-- NOTES
(1)

(2)

3)

(4)

EXP-UNDERFLOW MAY OCCUR IN EXECUTING THIS SUBPROGRAM,
THIS IS OK PROVIDED THE MACHINE SYSTEM CONDITIONALLY SE
EXP-UNDERFLOW TO 0,0,
ANSI FORTRAN (AMERICAN STANDARD X3,9-1966) IS USEDy EXC
DATA STATEMENTS MAY NEED TO BE CHANGED FOR SOME COMPILE
TO CONVERT ZHANKS TO THE NEW AMERICAN STANDARD FORTRAN
(X3,9-1978) y ADD THE FOLLOWING DECLARATION TO THIS ROUT'
SAVE YlylSAVE
THE FILTER ABSCISSA CORRESPONDING TO EACH FILTER WEIGHT

"=00021680 
21690 
21700 
21710 
21720 
21730 
21740 
21750 
21760 
21770 
21780 
21790 
21800 
21810 
21820 
21830 
21840 
21850 
21860 
21870 
21880 
21890 
21900 
21910 
21920 
21930 
21940 
21950 
21960 
21970 
21980 
21990

IS GENERATED IN DOUBLE-PRECISION (TO REDUCE 
BUT IS USED IN SINGLE-PRECISION IN FUNCTION

ROUND-OFF)y 
FUN,

NO CHECKS ARE MADE ON CALLING PARAMETERS 
HENCE UNPREDICTABLE RESULTS COULD OCCUR !

(TO SAVE TIME)y
ZHANKS

000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000

===000 
000 
000

TS 000 
000

EPTOOO
RS,000 

000
INEOOO 

000 
000 
000 
000 
000 
000

22010
22020
22030
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I S C A 1... i... E D I N C 0 R R E: C T i... Y ( 0 R I F F' U N 0 R C 0 M M 0 N I S I N E R R 0 R ) *

COMPLEX FUN ? C ? CMAX ? FS A VE
COMMON/SAVE/FSAVE ( 283 ) ? GSAVE ( 283 ) ? NSAVE
D 0 U B L E P R E C I S 1 0 N E ? E R ? Y 1 ? Y 
DIMENSION T(2) ?TMAX(2) 
DIMENSION WTO(283) ? WAO (76) ?WBO(76) ?WCO(76) ?WDO(S5) ? 

# WT1 ( 283 ) y WA1 ( 76 ) ? WB1 ( 76 ) ? WC1 ( 76 ) ? WD1 ( 55 )
EQUIVALENCE (WTOCi. ) ?WAO(1) ) ? (WTOC77) ?WBOC1. ) ) ? (WTOCL53) ?WCO(1) ) ? 

#: ( WTO ( 229 ) ? WDO ( 1 ) ) ? ( WT 1 ( 1 ) ? WA 1 ( 1 ) ) ? ( WT 1 ( 77 ) ? WB 1 ( 1 ) ) ? 
% ( WT1 ( 153 ) ? WC1 (!))?( WT1 ( 229 ) ? WB1 ( 1 ) ) 
EQU I VALENCE ( C ? T ( 1 ) ) ? ( CM AX ? TM AX ( 1 ) ) 

-   -   - - - E = D E X i::< < * 2 B 0 ) y E R :;:: 1 <  0 D 0 / E
DATA E/l * 22 1402758 160 169834 DO/ ? ER/ * 818730753077981859 DO/ 

 -   -JO- TRANSFORM FILTER WEIGHT ARRAYS (EQUIVALENT TO WTO ARRAY) 
DATA WAO/ 

# 2 * 1969101E--1 1 y 4 * 1201 16 IE-09 ? --6 * 1322980E--09 ? 7 * 247929 IE-09 9 
#-7 * 9821627E-09 ? 8 * 5778983E-09 ? --9 * 1 157294E-09 ? 9 * 6615250E-09 ?
*~-l * 0207546E--08 ? 1 * 0796633E--08 ?   - i. * 1393033E--08 ? 1 * 2049873E-08 ? 
#  - 1*27 0 8 789 E - 08? 1 * 3 4 4 6 4 6 6 E  - 0 8 ?  -  L * 4 1 7 4 3 0 0 E - 0 8 ? 1,5005577 E -  0 8 ?
#  -1 * 5807160E--08 ? 1 * 6747136E-08 ?   - !. * 762596 IE-OS ? 1 * 8693427E-08 ? 
# - 1*9650 8 4 0 E - 0 8 ? 2 * 0 8697 8 9 E  -  0 8 ?      2*1903555 E - 08? 2*330530 8 E  -  0 8 9
*---2 * 4407377E--08 ? 2 » 6033678E-08 ? -2 , 71 86773E-08 ? 2 * 9094334E-08 ?
*-3 * 0266804E-08 ? 3 * 25340 13E-08 ? -3 * 3672072E---08 ? 3 * 6408936E-08 ? 
*-3 * 7425022E-08 ? 4 * 078792 IE-08 ? -4 * 1543242E-08 ? 4 * 5756842E-08 ?
# -4 * 6035233E-08 ? 5 * 1425075E-08 ? -5 * 0893896E-08 ? 5 * 7934897E-08 ? 
*--5 * 6086570E--08 ? 6 * 5475248E--08 ? --6 * 1539913E--08 ? 7 * 4301996E-08 ? 
#  -6 * 71 1 7043E-08 ? 8 * 4767837E-08 ? -7 * 2583120E-08 ? 9 * 7366568E--08 ?
*-7 * 755361 IE-08 ? 1 * 1279873E--07 ? -8 * 1416723E-08 ? 1 * 32069 14E--07 ? 
*-8*3217217E-08y 1 * 5663185E-07 ? -8 * 1482581E--08 ? 1 * 8860593E-07 ? 
*-7 * 39631 4 IE-08 ? 2 * 3109673E-07 ? --5 * 7243707E-08 ? 2 * 8867452E-07 ? 
#-2 * 6163525E-08 ? 3 * 6808773E-07 ? 2 * 7049871 E-08 ? 4 * 793261 7E-07 y 
* 1 *1407365E--07? 6 * 3720626E-07 ? 2 * 5241961E-07 ? 8 * 6373487E -07 ? 
# 4«6831433E-~()7? 1 * 1916346E-06 ? 8 * 0099716E-07 ? 1 * 6696015E-06 ?
# 1 *3091334E--06? 2 * 3701475E-06 ? 2 * 0803829E--06 ? 3*4012978E-06/ 
DATA WBO/ 

* 3*2456774E-06y 4 * 9240402E-06 ? 5 * 0005198E-06 ? 7 * 1783540E-06 ?
* 7*6367633E--06y .1. * 0522038E-05 ? 1 * 1 59002 1 E--05 ? 1 * 5488635E--05? 
* 1*7510398E--05? 2 * 2873836E--05 ? 2 * 6368006E-05 ? 3 * 3864387E-05 ? 
# 3*9610390E--05? 5 * 0230379E-05 ? 5 * 9397373E--05 ? 7 * 4612122E--05 ? 
# 8*8951409E-05y 1 * 1094809E-04 ? 1 * 3308026E-04 y 1 * 651 1335E-04 ? 
# 1 *9895671E--04y 2 * 45871 95E--04 ? 2 * 9728 18 IE-04 ? 3 * 6629770E-04 ? 
* 4*4402()13E--()4? 5 * 4589361E-04 ? 6 * 6298832E--04 ? 8 * 1375348E--04 ? 
# 9*8971624E~04y 1 * 2132772E--03 ? 1 * 4772052E-03 ? 1 * 8092022E-03 ?
# 2*2045122E--()3? 2 * 698081 IE-03 ? 3 * 2895354E--03 ? 4 * 0238764E--03? 
* 4*9()8()203E--03? 6 * 0010999E-03 ? 7 * 3216878E--03 ? 8 * 9489225E--03? 
# l*()919448E--()2? 1 * 3340696E-02 ? 1 *6276399E--()2 ? 1 * 987331 IE-02 ? 
# 2*4233627E ()2? 2 * 9555699E--02 ? 3 * 5990069E--02? 4 * 3791529E-02 ? 
% 5* 315031 9E--02? 6*4341372E-02y 7 * 7506720E--02 ? 9 * 2749987E-02 ? 
# 1*098056 1 E - 0 1 ? 1*2791555 E  -  0 1 ? 1*4525 8 3 0 E -   0 1 ? 1 * 5 8 2 0 0 8 5 E      0 1 ?
# 1 * 6058576E--01 ? 1 * 4196085E-01 ? 8 » 9781222E-02 ? -1 * 0238278E--02 ?

00022040
 "00022050 
00022060 
00022070 
00022080 
00022090 
00022 100 
00 02 2 110
00022 120 
00022130 
00022 140
00022150 
00022 160 
00022:1.70 
00022 180 
00022190 
00022200 
00022210 
00022220 
00022230 
00022240 
00022250 
00022260 
00022270
00022280 
00022290
00022300 
000223:10 
00022320 
00022330 
00022340 
00022350 
00022360 
00022370 
00022380 
00022390 
00022400 
00022410 
00022420 
00022430 
00022440 
00022450 
00022460
00022470 
00022480 
00022490 
00022500 
00022510 
00022520 
00022530 
00022540 
00022550



M LI 11 :i. c s D o c u IT: e n t a t :i. o i~i 
Program MQLMEMCPL

Pssie 69

*
#
#
*

*
*
*
*
#

#
*
*
>K
>K
*

#
#
*
*
*

*
*
#
*
*
*
*
*
*
*
*
#
#
*

C  END
C

-1*5083434 E~01y
3*8273717E~01y
5*3839527E-02y
4 * 0703241 £-02 y

DATA WCO/
5*1597053E-03y
7*0004347E~04y
9*9891279E-~05?
l*4479572E-05y
2*1074101E-06y
3*0702417E-07y
4*4740283E-08y
6 * 52003 11 £-09 y
9*5019040E-10y
l*3847792E~10y
2.0182948E~lly
2*9415274E-12y
4*2739744E~13y
6*0487998E~14y
9*1574735E-15y
l*6406939£-15y

-8*0942556E-17y
4 * 61 741 1 6 E- 16?
l*0211793E-15y

DATA WDO/
7*4110927E-16y

-l*7838410E-16y
8*3280985E-16y
1*7777129E-15?
6*9747910E-16?

-1 *5220450E-15y
-3*5176475E-15y
-7*3949962E-15y
~1*3949870E~14?
~l*4962523E-14y
-4*0056107E-15y
-6*5679655E-16y
-l*7947697E-14y
-5*5510504E-14?

     2 *
2*

-1*
  2 *

  "3 *
-4*
- 6 *
-8*
-1*
-1*
-2*
-4*
-5*
-8*
-1*
-1*
.... *")

A*., fr

- 3 *
-5*
  o *
-3*
 -5*
 - 1 *

-4*
4*

- 1 *
 i   .i. *

9059573E-01
20141 18E- 01
1909845E--
4358316E-

1 0746 02 E-

0 1
02

03

>
y
y
y

y

2904226E-04?
1 58903 7E-
9417427E-
3019229E-

05
06
06

?

 '

*

8969219E-07?
7643004 E-"""
0284597E-
8708696E-
55608 2 IE-
2470979E-
817008 IE-
6344388 E-
6973097E-
9567236E-
8248590 E -
71 72363E--
8627358E-
0940039E-

1700094E-
897542 IE-
1544 64 OE -
7322187E-

08
09
10
1 1
1 1
1 ?
13
14
Ib
1 6
17
16
15

16
17
15
15

-1*2088956E-16
1*
4*
8*
1*
1*
1*
3*
2*
9*

9541597E--
2276125E-
859760 1 E-
5332490E-
2 794 804 E -
5965079E--
3011866E-
3774303E-
050537 IE-

15
15
15
14
14
15
15
14
14

y
y
y

y
y
v

y
y

9

y
y
y
y

y
y

y
y
9

y
y
...

M

y

y

y
y

y

.-.  ">

~4
9
1

1
'">
A*..

3
5

1
1
2
3
5
7
1
1 ':>

3
3
1
7
1

8
1
1
1

-4
.... "i

-5
.... -1

- 1
....y
.... '/'

....j
     3
-1

*
*
9105437E
7342635E

-01? -3
-01? 1

*9317051E-02y-6
*

*
« 
*
*

44/6b33!::.

8822342E
6354444E
799692 IE
52 2 75 1 8 E

 -029 -0

-03y-l
-04y-l
- 05 y -2
-06 y -3

*0433617E-07?~4
*
*
*
%%
*
*
^
t
t
t
*
 >
t
< 

*
< 

*
« 
<.
 : 

*

« 

t

*

»

f

*

*

1/2006 Vfc.
7079403E
4890232E
6273937E
2865474E
7057678E
1 22 1034 E
6197105E
2817964E
V209969E
0195409E
9299542E
2227767E
0789555E

5977 184E
93 9815 3E
4401527E
5247247E
8382957E
4107448E
09 7 7 85 IE
0515959E
6146782E
928670 IE
273296 IE
35459 10E
0279168E
7064873E

-O/?-/
-08?-1
-09?-1
-10? -2
-11? -3
-12? -4
....  [ 2 j?      6
-13? -9

- 15 y- 2

-16? 2
-16? -3
- 16 y- 8
-15? -9

- 1 7 ? 1
-16? -5

-  1 5 y - ;!.
 - 1 5 ?      1
-16? 1
-  15? 2
- 1 5 y 6
-14? 1
....  ) 4 » |
-15? 6
-18? -4

-15? 1
-14? 3
-13/

*7973244E-
*9331133E-
* 61526 28 E-
*6198067E~

*1456545£-
*6215439E-
,3452250E--
*4114252E-
* 969368 1 E-
*2412496E-
*0552634E~
*5378695E-
*2412348E-
*2664392E-
.7611713E--
*9271067E~
*9147443E-
*4315547E-
,59ii739E-
*2622634E-
*3388160E-
* 797294 1 E-
* 70897 1 4E-

*3396469E-
* 0046 989 E -
* 6637066E-
*1771155E-
*0408292E-
*9241438E-
,1428456E~
*2264584E~
* 6084 121 E-
»8825809E-
* 04332 1 8E-
* 239485 1 E-
* 9252831 E-

02?
01?
02?
03/

03?
04 y
05?
0 6 9
07 y
08?
08 y
09?
1 0 y
1 1 ?
12 y
13?
1 4 y
14?
15?
17?
1 6 ?
16?
16/

1 6 y
1 6 ?
15?
15?
15 y
15?
15?
1 4 y
1 4 y
15?
1 6 y
14 y
14?

OF JO FILTER WEIGHTS

C   J1- TRANSFORM F1LTE

*
*
*
#
*
*
$
#
>K

DATA WA1./
~4*2129715E-16?
 -1 * 076789 IE-14 y
-1*1714302E~14?
6*1279163E-15?
8*6009018 E -15?
1 ,93 14024 E- 14 y
2*5057768E~14y
l*1422464E-14y

~3*2177842E-17y

R WEIGHT ARRAYS (

5*
1*
8*

....y

-8*

 -2*
-7*
1*

366703 1E-
2362265E-
41347381;;:--
1102765;;:--
9749846E-
3172388E-
2485539E--
9323958E-
8637565E--

15
14
15
1 5
Ib
14
14
15
15

y
y

y

y
y

9

y
y

y

.... "y

.... -|

9
1
2

1
4

-3

EQUIVALEN

<.
{ 

*
*
«
t
« 
t

1183962E
337 11 2 9E
7726725E
9696405E
11 5398 7E
5605477E
9022752E
8421 4 06E
3683643E

T TO W

-15 y 8
 - 1 4 y 1

-15? -9

-14? -2
-. 1 4 y  - 1

-15? -2
- 15? 4

Tl ARRAY)

*9478500E-
*3284178E-
*4263879E 
*3649955E-
* 49 14821 E-
*6217555E-
*5198084E-
*1875032E-
.6132219E-

15?
1 4 y
15?
15?
1 4 ?
1 4 ?
1 4 y
15?
15?

000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000:
ooo;
ooo;
000;
ooo;
ooo;
ooo;
ooo;
ooo;
ooo;
ooo;
ooo;
ooo;
ooo
ooo
ooo
ooo
ooo

22560
22570
22580
22590
22600
22610
22620
22630
22640
22650
22660
22670
22680
22690
22700
22710
22720
22730
22740
22750
22760
22770
22780
22790
22800
22810
22820
22830
22840
22850
22860
22870
22880
22890
22900
22910
22920
22930
22940
22950
22960
22970
22980
22990
23000
23010
23020
23030
23040
23050
23060
23070



M LI .1. t :i. c s D o c LI m e n t s t :i. o n 
Program MQLMEMCPL.

 5#6209538E-
. /' '"' "X ' " ' " O "A '"" f " 
' O <  »..' O \J \J / il) \J i.".'

 9*5104370E- 
5#0032100E- 
6#4004437E- 
1#8044664E- 
5*8709354E-

-15? 6*419284IE-15?
-IS? S#6125163E-15y
-16? 1#4600474E-
-16? 4#3752205E-
-15y-2#1926177E--
-14? 1#075S745E~
-14? 8#1475200E-

641786E-13 ? 4 * 1330823E-
3698462E-:U

* 6*7870250E- 
DATA WB1/

* 3#3617368E-
* 1#6651222E--
* 8#2474468E--
* 4#0849867E-
* 2*0233058E-
* 1#0021488E-
* 4#9636623E- 
>K 2#45850.t4E-
* 1#2176782E-
* 6»0307294E-
* 2#9860417E- 
>K 1*4767050E-
* 7. 25968 HE-
* 3#4655327E-
* 1#4207357E-

0447427E-
12? .U0126237E--

 lly 5*0153839E
 10? 2*4840923E
 10y 1.2303750E
 09y 6*0940898E
 08M 3*0184244E
 07y 1*4950371E
 07y 7»4049804E
 06y 3*6677163E
 05y 1*8166179E

13

-6»8959928E~15y
-4»1453931E-15y 
5*6166519E~16y 
2*1052293E--15? 
l*1651003E--14y 
3*0159022E-14y 
1 t2530006E--13y 
6*1506209E--13y 
3*0494477E--12y 
l*5104976E--lly

6»9895792E--15y
2,6358827E- 
8#2899246E- 
 9#5451973E~ 
5#8415433E-- 
3#3506138E-

9#1921659E- 
4«5501001E~ 
2#2536053E--

1.5

l3s ? 
:>  

*--9
#-5

!Jt'    '[

*-9
*      o
*-2
*-l
 Jy ..O
 ^ O

* -4
*--2
*-l
*~8
*-4 
DA

* -2

#8280529E- 
«4781735E-
# 2830217E- 
TA WCI/
#7488968E-
#6138436E- 
,3482055E-
#9883670E- 
,6709583E-
#3441130E-
#2253532E-
# 9220916E-
#6340753E-
#1379828E-
#1100905E- 
.8576356E-
#5980307E-
# 9364160E-
# 9973715E-
# 7946015E-
#5627811 E-
#7392952E-
#8871388E- 
TA WD1/
#7329579E-

 05? 8#9971508E-
 04? 4#4545291E-
 03? 2*2016806E"
 03? 1#0788355E-
 02? 5 #060814IE-
 01? 1* 8821315E-
 01 y 6#0665451E-
 01? 4#7014634E-
 01 ?-l #1149185E-
 02? 2#4644647E-

 02? 1#5057670E>
 03? 8#2952090E'
 03? 4*6232056E'
 03? 2 #584086IE'
 03? 1#4449655E
 04? 8#0803899E-
 04? 4#5186652E
 04? 2#5269019E
 04? 1#4130796E
 05? 7#9021432E
 05? 4#4189914E'
 05? 2.4711631E
 05 y
 06?

 06 y
 06 y
 06 y
 07?

 07 ?

1*3819097E-
7*7278366E 
4*3215167E 
2,4166539E 
1*3514274E 
7*5573750E 
4 , 226192IE

? 7#4818173E
? 3*7058109E

 09? 1#8355034E
 09? 9#0913020E
 08y 4#5029477E
 07? 2*2303208E
 07? 1#1046805E-
 06? 5#4714550E--
 05? 2#7099223E-
 05? 1 #3420195E-
 04? 6,6423156E--
 03? 3»2788147E-
 02? 1#5973323E-
 02? 7#2827752E-
 01? 2#2996815E-
 02y--2#0275683E-
 01 y 7*2991233E-
 01? 2#5985386E-
 02y-2*2895284E-

 02y-l*2953923E-
 03?-7*1628361E-
 03y»3#9970542E-
 03y-2#2345428E-
 03y-l#2495408E-
 04y-6#9875784E-
 04 y-3#9075515E
 04y-2#1851585E
 04y-l#2219719E
 ~05y-6#8334412E
 05y-3#8213580E
  05?-2»1369580E 
05?--:U:i.950174E
 06y--6#6827083E
 06?-3,7370660E
 06y-2#0898207E
 06y-l#1686576E
 07 ? --6 * 5353002E
 07y-3#6546333E

-11? 1# 11618 041
-10y 5*5284353E-
-09y 2#7382502E 
-09y 1 * 356265IE-
- 08? 6*7176304E-
-07y 3*3272689E-
- 06? 1 #6480103E-
-06y 8+1626422E-
05? 4#0428804E-
-04? 2#0021123E-
-04? 9»9073275E-
-03? 4#8837292E-
-02? 2#3612041E-
-02? 1*0337889E-
-01? 2#5088500E-
-Oi?--3,5772336E-
-03y-3#0614594E
-02? 1,0850279E
-02? 2#0197032E

-02y 1#1153254E
-03y 6#1882910E
-03? 3 #4560 USE
-03? 1#9323046E
-03? 1,0805480E
-04? 6#0425624E
-04y 3#379086IE-
-04? 1*8896332E-
-04? 1#0567099E-
-05y 5#9092726E-
-05? 3#3045496E-
-05? 1#8479514E-
-05? 1#0334008E-
-06? 5*7789251E-
-06y 3*2316575E-
-06? 1#8071890E-
-06? 1#0106059E-
-07? 5#65.1.4528E-
-07? 3»1603732E-

  10?
   10 ?
  09?
  08 y
  08?
  07? 

06? 
06? 
05?

 04? 
0 4 ? 
03? 
02? 
01 y

  01 ?
 01?
 01?
 02?
 02/

- 02?
- 03?

-03 ?
- 03 y
- 03?
- 04?

-04 ?
-04? 
04 y

-05 y
-05 y
-05?
-05?
-06?

-06 y
- 06?
-06?
-07?
-07/

000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000

23080
23090
23100
23110
23 120
23130
23140
23150
23160
23170
23180
23190
23200
23210
23220
23230
23240

000
000

23300
23310
23320
23330
23340
23350
23360
23370
23380
23390
23400
23410
23420
23430
23440
23450
23460
23470
23480
23490
23500
23510
23520
23530
23540
23550
23560

 07? 2*3633470E-07y-2#0437231E--07y 1 * 7673258E-07 ?

000
000
000

3570
3580
3590



M u 11 :i. c s D o c LI m e n t a t :i. o n 
Program MQLVEMCPL

Pssis 71

p ..u

Lr ""    ""

#-1 *5283091E-07y 1 * 3216174E-07 y -1 * 1428792E-07 y 9 
*-8 * 5465227E-08 y 7 * 3906734E--08 y -6 * 391 1 437E-08 y 5
# -4 * 7793376E-08 y 4 * 1329702E-08 y -3 * 5740189E-08 y 3
# -2 * 6726739E--08 y 2 * 3.1. 12160E-08 y -1 * 9986424E-08 y 1 
*- ! *4945974E~08y 1 * 2924650E-08 y -1 « 1 176694E-08 y 9 
*-8 * 3580023E--09 y 7 * 2276490E-09 y -6 * 2501673E-09 y 5 
# -4 * 67391 54E--09 y 4 * 041806 IE-09 y -3 * 4951847E-09 y 3 
*-2 * 6137226E-09 y 2 * 2602382E--09 y -1 * 9545596E--09 y 1
*-l *4616324E-09y 1 * 2639577E-09y -1 * 0930164E-09 y 9 
#-8 * 1 736202E-- 1 0 y 7*068 1 930E- 1 0 y -6 * 1 12271 3E- 1 0 y 5 
#-4 * 5707937E-10 y 3 * 9526267E--10 y -3 * 4180569E-10 y 2 
* - 2*55601 7 6E--10y 2*2103233 E - 1 0 y - 1 * 9 1 1 3 8 9 1 E - 1 0 y 1 
#- 1 * 429401 2E- 1 0 y 1 * 236 1 99 1 E- 1 0 y -8 * 2740936E- 1 1 / 

  END OF Jl FILTER WEIGHTS

NONE=0 
IF(NEW*EQ*0) GO TO 100 
NSAVE=0 

-----INITIALIZE KERNEL ABSCISSA GENERATION FOR GIVEN
Yl = 0 * 735885266 1479794460DO/DBLE ( B ) 

100 ZHANKS=(0*OyO.O) 
CMAX=(0*OyO*0) 
NF = 0 
Y=Y1 

- - - - - B E G I N R I G H T - 8 1 D E C 0 N V 0 1... U T 1 0 N A T W E I G H T 1 3 1 ( E I T
ASSIGN 110 TO M 
1 = 131 
Y = Y#E 
GO TO 200 

1 10 TMAX ( 1 ) =AMAX1 ( ABS ( T (1 ) ) y TMAX C 1 ) ) 
TMAX(2)=AMAXKABS(T<2) ) y TMAX (2) )

Y = Y#E 
IF(I*LE*149) GO TO 200
IF ( TMAX < 1 ) * EQ * 0 * 0 * AND * TMAX ( 2 ) * EQ ,0*0) NONE = 1 

.... ... .... . . .... £ s T A B L ]; s |..| T R y N c A T j 0 N c R ;j; T £ R j; Q N a; ; M A X = C M P 1... X ( T M A X
CMAX=TOL*CMAX 
ASSIGN 120 TO M 
GO TO 200

-   CHECK FOR FILTER TRUNCATION AT RIGHT END 
120 I F ( ABS ( T ( 1 ) ) * LE * TMAX ( 1 ) * AND * ABS ( T ( 2 ) ) * LE * TMAX ( 2

Y = Y*E 
IF<I*LE*283) GO TO 200 

130 Y=Y1
      -CONTINUE WITH LEFT-SIDE CONVOLUTION AT WEIGHT 1 

ASSIGN 140 TO M 
1 = 130 
GO TO 200

-----CHECK FOR FILTER TRUNCATION AT LEFT END 
140 IF(AB8(T(1 ) ) *LE*TMAXU> * AND * ABS ( T ( 2 ) ) * LE * TMAX ( 2 

% NONE*EQ*0) GO TO 190

*8831386E--08y 
*5267923E-08y 
* 09066 12E--08y 
* 72834 19E--08y 
*6651347E-09y 
*4048822E-09y 
*0224895E-09y 
* 69022 14E-09y
*4519327E-10y 
*2856342E-10y 
*9557785E-10y 
*6528994E-10y

B 

HER NEW=1 OR 0)

(1) yTMAX(2) ) 

) ) GO TO 130 

30 

) *AND*

00023600 
00023610 
00023620 
00023630 
00023640 
00023650 
00023660 
00023670 
00023680 
00023690 
00023700 
00023710
00023720 
00023730 
00023740
00023750 
00023760
00023770 
00023780 
00023790 
00023800 
00023810
00023820 
00023830 
00023840 
00023850 
00023860 
00023870 
00023880 
00023890 
00023900 
00023910
00023920 
00023930 
00023940 
00023950 
00023960 
00023970 
00023980 
00023990 
00024000 
00024010 
00024020 
00024030 
00024040 
00024050 
00024060 
00024070 
00024080 
00024090 
00024100 
00024110



Multics Documentation 
Program HQLMEMCPL

c-
C-

p....

L ""

C-

r ....\~f

p ....

f  % ....
'..  ""

C
C
C
C
C
C
I.- ""

C
C

I   -  I - :i.

IF(I,GT.O) GU ID 200
---   RETURN WITH ISAVE=1 PRESET FOR POSSIBLE NEW = 0 USE,
190 ISAVE=1
-- -NORMALIZE BY B TO ACCOUNT FOR INTEGRATION RANGE CHANGE

ZHANKS=ZHANKS/B
RETURN

   -SAVE/RETRIEVE PSEUDO-SUBROUTINE (CALL. FUN ONLY WHEN NECESSARY)
200 G«SNGL(Y)

IF (NEW) 300*210*300
2:1.0 IF(ISAVE*GT*NSAVE> GO TO 300

ISAVEO-ISAVE
220 I F ( G * EQ * GSA VE ( I SAME ) ) GO TO 240

ISAVE-ISAVE-fl
IF(ISAVE.LE*N8AVE) GO TO 220
ISAVE-ISAVEO

-----G NOT IN COMMON/SAVE/------- EVALUATE FUN*

GO TO 300
 - - -- G FOUND IN COMMON/SAME/-------- USE FSAVE AS GIVEN,
240 C-FSAVE(ISAVE)

ISAVE<[SAVE + 1
------SWITCH ON ORDER N
250 IF(N) 270*260*270
260 C~C*WTO(I)

GO TO 280
270 C=C#WT1(I)
280 ZHANKS=ZHANKS+C

GO TO M* (110*120*140)
-- DIRECT FUN EVALUATION (AND ADD TO END OF COMMON/SAVE/)
300 NSAVE-NSAVE+1

C=FUN(G)
NF^NF-KL
FSAVE(NSAVE)-C
GSAVE(NSAVE)=G
GO TO 250
END

SUBROUTINE SAVER(I*J)

-GENERAL UTILITY TO MODIFY COMMON/SAME/ AS FOLLOWS
CALL. SAVER(I*J) WILL. REPLACE FSAVEO ARRAY WITH
FSAVE ( K ) .-s:GS A VE ( K ) ** I * FS AM E ( K ) ** J
FOR N>.1. *NSAVE,

INPUT PARAMETERS (I*J) HAY BE NEGATIVE * ZERO * OR POSITIVE INTEGERS.

-SUBROUTINE SAVER MAY BE USED IN CONJUNCTION WITH SUBPROGRAM ZHANKS
TO MODIFY SAVED KERNELS WHEN USING NEW=0 OPTION (SEE ZHANKS)*

COMPLEX FSAVE
COMMON/S A VE/FS A VE ( 283 ) * OS A VE ( 283 ) * NSAUE

00024120
00024:1.30
00024 140
00024:1.50
00024160
00024:1.70
00024:1.80
00024:!. 90
00024200
00024210
00024220
00024230
00024240
00024250
00024260
00024270
00024280
00024290
00024300
000243:1.0
00024320
00024330
00024340
00024350
00024360
00024370
00024380
00024390
00024400
000244:1.0
00024420
00024430
00024440
00024450
00024460
00024470
00024480

00024490
 -   " O C) ()'"> 4 '"i (") ( ).... .... \j ̂ j ̂  i ^ *^ %j ̂  ; \j

00024510
00024520
00024530
00024540
00024550
00024560
00024570
00024580
00024590
00024600
000246:1.0
00024620



M i..! 11 :i. c s D o c u m e n 1a1 :i. o i"! 
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DO 1 K=l yNSAME
FS A V E ( K ) -CMPLX C GS A VE < K ) ## I * 0 * 0 ) # ( FS A VE ( K ) *# J )
CONTINUE
RETURN
END

S U B R 0 U T I N E I M S i... M Q ( S U B Z y S U BEN D )
  I M S i... M Q  - - D E: R I U A T I U E   - F R E E ' I M S 1... ' M A R Q U A R D T I N M E R S 1 0 N -   - 5/4/79 
FOR SOLVING GENERAL NONLINEAR LEAST SQUARES PROBLEMS* USER NEED 
WRITE SUBROUTINES ' FCODE y SUBZy AND SUB END'' EXACTLY AS USED 
I N P R 0 G R A M  ' M A R Q R T ' * A L B 0 y T H E S A M E F1 ARAM E T E R F 1 1... E 05 AN D D A T A 
F I L.. E 10 MAY B E U S ED BY f I M B L M Q ' AS IN ' M A R Q R T ' ,

NOTE I 'FCODE' CANNOT BE PASSED AS EXTERNAL. DUE TO THE 
' B L A C K - B 0 X ' N A T U R E 0 F I M S I... R 0 U T I N E ' Z X S S Q "' ( S E E I M S i... D 0 C » > * 
THUSy ONE SHOULD RENAME ACTUAL NAME TO 'FGODE' FOR USE HERE* 
(I«E«y SEE CALL FCODE IN ' FPXSSQ /  - -EXTERNAL FUNCTION FOR ZXSSG)

THE USER MUST DECLARE THE CALLING PARAMETERS
SUBZySUBEND (ANY DESIRED NAMES MAY BE USED) AS EXTERNAL IN
MAIN C A i... i... I N G P R 0 0 R A M y E * 0 * y

E X T E R N A L S U B Z y S U B E N D
C A L L I M S L M Q ( S U B Z y S U B E N D )
STOP
END

THIS INTERFACE BETWEEN 'MARQRT' AND 'IMSLMQ' WAS WRITTEN BY 
W * L * A N D E R S 0 N y U * S * G E 0 L 0 G I C A L S U R M E Y y D E N M E: R y C 0 i... 0 R A D 0 *

SEE DOCUMENTATION OF ' MARQLOOPS ' y USGS OPEN-FILE REPT 79-240 (1979)? 
FOR DETAILS ON CODING THE REQUIRED SUBROUTINES FCODE ySUBZy AND 
S U B E N D * A i... S 0 S E E I M S i... D 0 C U M E N T A 1' 1 0 N F 0 R ' Z X S S Q ' *

THE INPUT ORDER ON F I i... E 0 5 (PARAMETER FILE) IB

T I T i... E 
* FARMS 

N y K

(MAX* 80 - C H A R A C T E R T I T L E - - A i... WAYS R E Q U I R E D ) * 
(SAME PARMS DEFINITIONS FOR PGM MARQRT FOR PARAMETE 
I P y M y I A L.. T y I S T 0 P y I W T y N I T E R y E y S C A i... E F' y B ( ) y I P R T' y AN D I B 
y A D D I T' 1 0 N A L P A R M S F 0 R ' Z X S S Q / ( S E E I M S !... D 0 C ) J 

1 0 P T y N S I G y M A X F N y E P S y D E 1... T A y P A R M ( 4 ) *
(OBJECT-TIME FORMAT STATEMENT) FOR READING THE DATA MATRIX 
(Yd) yX(IyJ) yJ^i. »M#) ON FILE I ALT (DEFAULT 10 )y WHERE M#~M-fIWT
INSERT DATA MATRIX HERE ONLY IF I ALT =5) 

$IN1T OPTIONAL NAME!... 1ST FOR READING ADDITIONAL PARMS IN
SUBROUTINE SUBZ (WHICH MAY BE A DUMMY SUBROUTINE), 

OPTIONALLY* REPEAT STEPS l--4y IF ISTOP^O WAS USED IN STEP 2*

 OUTPUT IS GIVEN ON FILE 06 (ON-LINE USUALLY)* AND
ON FILE 16 (CONTAINS ALL PRINTABLE OUTPUT)? F I LEO 6 CONTAINS ONLY 
0 U T P U T V I A P A R M I F' R T ( 0 - -   A B B R E M I A T E D y 1 0 R - 2  - - D E T A I i... ) *

3A

00024630
00024640
00024650
00024660
00024670

00024680
00024690
00024700
00024710
00024720
00024730
00024740
00024750
00024760
00024770
00024780
00024790
00024800
00024810
00024820
00024830
00024840
00024850
00024860
00024870
00024880
00024890
00024900
00024910
00024920
00024930
00024940
00024950
00024960
00024970
00024980
00024990
00025000
00025010
00025020
00025030
00025040
00025050
00025060
00025070
00025080
00025090
00025
00025
00025

10
20

00025130
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Program MGLVEMCPL

Pssie 74

 THE USER SHOULD ADD >IML>IMSL TO THE SEARCH RULES ON MULTICS, 
(IMSL ROUTINES USED! ZXSSQpLEQT1PpLUDECPyLUELMPyUERTSTyLINV1P)

)ION B(20)pGRAD(20)?TITLE(16);H(270);COV(20y20);SE(20)

C

DIMEN!
DIMENSION SQWT(200),IB(20)yPRNT(5)yC(20) ? INDEX(20) 

S XJAC(200#20)?XJTJ(210)?WORK(710)vPARM(4)yF(200)
INTEGER SPvSCALEPySYySCALEY

ME FOLLOWING CHARACTER STATEMENTS ONLY FOR HONEYWELL MULTICS! 
CHARACTER*4 FMT(18) 
CHARACTER*5 TITLE
COMMON/FIXDAT/Y(200)yX(200y5)yBFIX(20)pYMAXyIIB(20)i'IIP)'NOBSi'K 
COMMON/PRT/IPRT 
EXTERNAL FPXSSQfLNXSSQ 
EQUIVALENCE (SQWT(l)yX(ly5))y(SPySCALEP)?(NyNOBS)y

& SCALEP;SCALEY;
% DELpZETAyIOUT*IOPTvNSIGyMAXFN;EPSyDELTA;PARM 

NOTE NAMELIST PARMS INCLUDED (BUT IGNORED) FOR COMPATIBILITY 
ARE ! IDER p INON y FF p T y TAU y XL v MODLAM v GAMCR y DEL y ZETA y I OUT + 
ALSO? SP=SCALEP WILL BE CONSIDERED MODE=1 (ALOG OPTION) ONLY 
WHEN SP^2 OR 1 (AND MODE=0 LINEAR WHEN SP»0), SY^SCALEY IS 
IGNORED FOR THIS VERSION OF 'IMSLMCK,

READ IMSLMQ TITLE LINE
READ(5?4) TITLE
FORMAT(16AS) 

PRESET DEFAULTS

IPRT"0 
ISTOP^l 
IWT-0 
I ALT" 10 
NITERS 10
SP=0
MODE"0
FMIN=0,0

MAXFN^O

DELTA=0+0
PARM(1)":»01
PARM(2)=2»
PARM(3)=120»
PARM(4)»»1

00025140 
0002S150 
000251AO 
00025170 
00025180 
00025190 
00025200 
00025210 
00025220 
00025230 
00025240 
00025250 
000252AO 
00025270 
00025280 
00025290 
00025300 
00025310 
00025320 
00025330 
00025340 
00025350 
00025360 
00025370 
00025380 
00025390 
00025400 
00025410 
00025420 
00025430 
00025440 
00025450 
00025460 
00025470 
00025480 
00025490 
00025500 
00025510 
00025520 
00025530 
00025540 
00025550 
00025560 
00025570 
00025580 
00025590 
00025600 
00025610 
00025620 
00025630 
00025640 
00025650
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Paste 75

DO 5 1 = 1 * 20 
IB<I>=0 
B<I)=0*0 

5 GRAna>~OtO 
C----READ fcPARMS
6 RE AD ( 5 H:: ' ARMS)
G -      TEST *PARMS BEFORE PROCEEDING 

I F ( N * GT * 200 * OR * K . GT * 20 * OR * M * GT * 4 * OR , I U T , GT * 1 * OR * I P . GT * 1 9 * OR * 
& N * i... T * 1 * 0 R * K * i... T * 1 * 0 R , M * i... T * 1 * 0 R * I W T * i... T * 0 * 0 R * I P » i... T * 0 * 0 R * 
8 N * i... T * K  - 1 P , 0 R * I A L T , £ 0*6* 0 R * I A i... T * E 0*16) 
8CALL ERRMSG ('SOME $PARM8 OUT OF RANGE * ' * 5 r 6 y 16 ) 
DO 7 :i>lyi< 
IF < B ( I ) * EQ * 0 * 0 ) CALL ERRMSG ( ' SOME B < I ) ==0 . 0 ' y 3 9 6 y 16 )

7 CONTINUE 
IF ( MAXFN * EQ * 0 ) MAXFN==2*K*NITER 
IF(IP*LE»0) GO TO 9 
DO 8 :i>lyIP 
IF(IB(I) *GT*0) GO TO 8 
CALL ERRMSG ( ' 1 P * GT * 1 BUT SOME I B ( I ) * LE * 0 ' y 6 9 6 y 1 6 )

8 CONTINUE
9 IF(SP»NE»0) MQBE=1

IF(IPRT*EQ*1) IPRT=-~2 
C--READ OBJECT FORMAT FOR DATA MATRIX ON FILE I ALT, 

R E A D ( 5 9 1 0 ) ( F M T ( I ) 9 1 :::: :l. y 1 8 ) 
10 FORMAT (18A4) 

Ml-M+IWT 
YMAX=0*0 
DO 11 1=1 yN 
READ ( I ALT y FMT ) Y (I ) M ( X < I y J ) y J = 1 y Ml ) 
SQWT<1)=1*0 
IF ( IWT * EQ * 1 * AND * X ( I y Ml ) « NE ,0*0) SQWT ( I ) = 1 * 0/X ( 1 y Ml ) 
IF ( ABS (Yd))* GT * YMAX ) YMAX-ABS ( Y C I ) ) 

11 CONTINUE 
I F ( I A L T * N E * 5 ) R E W I N D I A i... T

C---- INITIALIZATION MI A CALL SUBZ (READ $INlTy TEST ByXyYy ETC) 
C A i... i... S U B Z ( Y y X y B y P R N T y N D U M y N y T I T L E y 1 )

C--- WRITE $PARMS ON UNIT 6 AND 16
W R I T iii: < 6 y 6 0 > T I T L E y N y K y 1 F' y M y E y I A i... T y I S T 0 P y I W T y N I T E R y S P y 1 P R T y 

& 1 0 P T y N S I G y M A X F N y E P S y D E L T A y P A R M 
60 FORMAT (' 11 M S L M Q   »-  / yl6A5// / N~ ' y 15 y 9X y ' K> ' y 14 y 10X y ' '. 

& y 1 4 y 9X y ' M= ' y 1 3 y 1 1 X y ' E-~ f y E 1 0 * 3/ ' I ALT- ' y 1 3 y 8X y / I STOP'- '' y 1 2 y 8X y
& 'IWT=' yI2yl()Xy 'NITER-' yI6y4Xy 'SCALEP--' yI2/' IPRT«=' yI3y 
S 8X y ' I OPT- ' y 1 2 y 9X y ' NS 1 G= ' y 1 3 y 8X y ' MAXFN- ' y 1 6 y 4X y ' EPS- ' y E 1 0 * 3/ 
& ' DELTA- f y E 1 0 * 3/ ' P ARM- ' y 4E 1 0 * 3 )
W R I T E ( 1 6 y 6 0 ) T I T L E y N y K y I i::' y M y E y I A L T y I S T 0 P y 1 W T' y N I T E R y S F! y I P R T y

S 1 0 P T i N S I G y M A X F N y E P S y D E L T A y P A R M 
1F(IP*EQ*0) GO TO 661 
W R I T E ( 6 y 6 6 0 ) ( 1 B ( I ) y I - 1 y 1 P ) 

660 FORMAT (/' IB'*' yl9I3) 
WRITE ( 16 y 660 ) ( IB ( I ) y .1-1 y IP ) 

6 6 1 W R T T F ( 6 » 6 6 ? ) F M T
662 FORMAT ( / ' FMT^ / y 18A4/ )

00025660 
00025670 
00025680 
00025690 
00025700
00025710
00025720 
00025730 
00025740 
00025750 
00025760 
00025770 
00025780
00025790 
00025800 
00025810 
00025820 
00025830 
00025840
00025850
00025860
00025870 
00025880 
00025890 
00025900 
00025910 
00025920 
00025930 
00025940 
00025950 
00025960 
00025970 
00025980 
00025990
00026000 
00026010
00026020
00026030 
00026040 

:p='000260SO 
00026060
00026070 
00026080 
00026090
000261.00
00026 L 10 
000261.20 
00026130 
000261.40 
00026150 
00026160
00026170
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P r o 3 r B m M Q L V E M C P i...

WRITE(16y662) FMT 
WRITE(6 y 6000) (B(I) yI~1y K) 

6 0 0 0 F D R M A T ( / ' IN ITIA L F' ARAM E T E R S ' / / ( 5 E16*8))
WRITE(16y6000) (B(I)y]>; 

C -  -1N T E R F A C E WIT H Z X S S Q U SIN G
DO 1 :i>l y20 

1 INDEX(1)^1
KIP = K--IP
IFdP.EQ.O) GO TO 400 

C----REORDER B TO C WHEN IPX)

. y K) 
MARQRT CODE

201

DO 202 1=1yK 
DO 201 J=lyIP 
IF(I*EQ*IB(J)) 
CONTINUE 
IM = IM-fl

GO TO

203

204

INDEXdMXi:
CONTINUE
WRITE(6y203) ( I y 1=1 y K )
FORMAT</ / PARAMETER INDEX J ' , 2013 )
WRITE(:1.6y203) (Iy ]>lyK)
W R 1 1' E. ( 6 y 2 04 ) ( I N DE X ( I ) y I -
FORMAT ( ' REORDERED A8 * * * I
W R I T E ( 1 6 9 2 0 4 ) ( I N D E X (I ) y I = 1
WR I TE ( 6 y 206 ) ( C ( I ) y I = 1 ? K I P )

K I p ) 
2013 ) 
y K I P )

PARAMETERS ' // ( 5E 16*8) 
I = :l. y K I P )

400
401
500

C  -L

111

FORMAT ( / ' REORDERED
WR I TE < 1 6 y 206 ) ( C ( I )
GO TO 500
DO 401 :i>lyl<
C(I)=B(I)
CONTINUE
IF(MODE*EQ*0> GO TO 

G PARAMETERS CHOSEN
DO 111 1=1 y KIP
I F < C ( I ) * L E * 0 * 0 ) C A L L
C(I)-ALOG(C(I) )
C A i... L Z X S 8 Q ( L N X 8 S Q y N y K I P y N S I G 9 E P 8 y D E L T A y M A X F N y 1 0 p T y P 

£ C y B S Q y F y X J A C y 2 0 0 y X J T J y W 0 R K y I N F E R y I E R )

12 
(MODE-1 OR SP*NE*0>

E R R M S G ( '' 8 P * N E * 0 & S 0 M E 0* ' y

ARM?

1111

A R M

DO 1111 r-lyKIP 
C(I)=EXP(C(I)) 
GO TO 21 

.INEAR PARAMETERS CHOSEN (MODE-0 OR SP=0)
C A L.. i... Z X 8 8 Q ( F P X 8 8 Q y N y KI F' y N 81G y E P 8 y D E i... 'I' A y M A X F N ? IG P T y P 

& C y SSQ y F y XJAC y 200 <> XJTJ y WORK y INFER y IER ) 
C----ZX88Q ERRM8G CODE HANDLERS 
21 IF(IER*EQ*0> GO TO 100

IF(IER*EQ*129>
&CALL ERRMSG('SINGULARITY DETECTED IN JACOB I AN 
& I()y6yl6)
IF(IER«EQ«130) 

& C A i... L.. E R R M S G ( ' N y K  -1P y 10 P T y P A R M (1 ) 0 R P A R M ( 2 ) IN C 0 R R E C T ' y 8 y 6 y 16 )

RECOVERY FAILED'y

000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000

26180
26190
26200
26210
26220
26230
26240
26250
26260
26270
26280
26290
26300
26310
26320
26330
26340
26350
26360
26370
26380
26390
26400
26410
26420
26430
26440

450
26460
26470
26480
26490
26500
26510
26520
26530
26540
26550
26560

26580
26590
26600
26610
26620
26630
26640
26650
26660
26670

26690
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Pa^e 77

100 

603

99 

80 

82

699

1699

2 10

? 1 1
110

604

C  -PI

605

606

IF(IER,EQ,131) 
£CALL WARNCMARQUARDT PARAMETER EXCEEDED PARM(3) 'y8y6y.l6y$100) 
IF(IER,EQ,132) CALL ERRMSG( 

£'AFTER RECOVERY FROM SINGULAR JACOBIANy B CYCLED BACK AGAIN,, 'y 
£ 12y6yl6)
IF(IER,EQ,133)CALL WARN( 'MAXFN EXCEEDED, 'y3y6y!6y$100)
IF(IER*EQ,38)CALL WARN('JACOBIAN=0, SOLUTION IS STATIONARY POINT':

£ 8y6yl6y$100) 
WRITE(6y603) (WORK(I)yI=4y5)yINFERyIERySSQy(C(I)yI=lyKIP) 
WRITE ( 16 y 603) (WORK(I) y 1=1*5) y INFER y IER ySS«y (C(I) y]>lyKIP) 
FORMAT(//' $$$$ IMSLMQ CONVERGENCE INFORMATION!'//

£ ' NORM OF GRADIENT' yT32cE16,8/' FUNCTION EVALUATIONS' yT32yE16,8/ 
£ ' EST, SIGN, DIGITS' yT32yE16,8/' MARQUARDT PARAMETER' yT32y
£ E16,8/' NO, ITERATIONS' yT32yE16,8/' TYPE CONVERGENCE ( INFER)'? 
% T32yI3/' ERROR CODE (IER)'yT32yIS/ 
£ ' RESIDUAL SUM-OF--SQUARES (SS«)='yE16*8// 
£' **** FINAL UNSCALED PARAMETERS'// 
£ (5E16,8)) 
KK^MAXO ( ( K IP+ 1 ) *K I P/2 y 5 ) 
DO 80 I:=1?KIP 
GRAD(I)=2,*WORK(KK+I) 
WRlTE(6y82) (GRAD(I)yI=lyKIP) 
FORMAT(/' SCALED GRADIENT'//(5E16,8))
WRITE(16y82) (GRAD(I)yI"lyKIP)
IF ( IPRT , EM , ""2 ) WRITE ( 6 y 699 ) 
FORMAT(/3Xy'I'y4Xy'OBS,Y(I)'y6Xy'CAL'yllXy'RES'y8Xy'X(Iyl)'y8Xy

£ 'WT(D') 
WRITE(16y.l699) 
FORMAT(/3Xy'l'y4Xy'OBS,Y(I)'y6Xy'CAL'y.llXy'RES'y8Xy'X(Iyl)'y8Xy 

£ 'X(Iy2)'y8Xy'X(Iy3)'y8Xy'X(Iy4)'y8Xy'WT(I)')

DO 110 I=lyNOBS 
RES^FCU/SMWTd) 
YCAL=Y(I)--RES
WT':::SQWT(I)*S«WT(1)

SUMF2--SUMF2iF ( I ) *F ( I )
I F ( I PRT , E« , -2 ) WR I TE ( 6 y 2 1 0 ) I y Y ( I ) y YC AL y RES y X (I y 1 ) y WT 
FORMAT ( IX y 13 y 2E14 , 6 y El 1 , 3 y 2E14 * 6 ) 
WR I TE ( 1 6 y 2 1 1 ) I y Y ( I ) y YC AL y RES y ( X ( I y J ) y J= 1 y 4 ) y W T
FORMAT ( 1 X y 1 3 y 2E 1 4 , 6 y E 1 1 , 3 y 5E 14,6)
CONTINUE 
IF(N,E»*KIP) RMSERR:»0,0
I F ( N , GT , K I P ) RMSERR=S«RT ( SUMF2/ ( N-K 1 P ) ) 
WRlTE(6y604) RMSERR
FORMAT ( / ' **** RMSERR= ' y E 1 6*8)
WRITE(16y604) RMSERR 

RINT ON FILE16 (ONLY) THE FINAL SCALED PARTIALS (JACOBl'AN)
WRITE ( 16 y 605) 
FORMAT(/' FINAL SCALED PARTIALS (JACOBIAN)') 
DO 112 I'--lyNOBS
WR I TE ( 1 6 y 606 ) 1 y ( X J AC ( I y J ) y J= 1 y K I P ) 
FORMAT(lXyI3y5E16,8/(4Xy5E16,8))

00026700 
00026710 
00026720 
00026730 
00026740
00026750
'00026760
00026770 
00026780 
00026790 
00026800
00026810 
00026820
0002A830 
00026840 
00026850 
00026860 
00026870 
00026880 
00026890 
00026900 
00026910 
00026920
00026930
00026940 
00026950
00026960 
00026970 
00026980 
00026990 
00027000 
00027010 
00027020 
00027030 
00027040
00027050
00027060 
00027070 
00027080
00027090
00027100 
00027110
00027120 
00027130
0002/140
00027150 
00027160
00027170 
00027180 
00027190
OU02/2UU 
00027210
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a^e 78

B I A N 
E R )
INV1P

(FROM XJTJ SYMMETRIC MATRIX) 

CALL*'y3y6

120

300

122

3 0 4

LNDE

112 CONTINUE
C -GET INVERSE JACOBIAN TRANSPOSE*JACO

C A L L. I... :i: N V1P ( X J T J y K1" P y H y 5 y D .1. y D 2 y I
IF (IE R * G T * 12 8) C A L L E R R M S G ( M N 

C---FINAL STATISTICS
DO 301 I=lyKIP
DO 301 J^lyKIP 

301 COVdyJ):»H(LOC(lyJ) )
IF (IPRT * E« * --2) WR I TE (6 y 120)
FORMAT(/' SCALED COVARIANCE MATRIX (INVERSE OF XJTJ)
WRITE(16y120)
DO 122 :i>lyKIP
SEd)»SQRT(ABS(COVdyI)))
IF (IP R T * E Q»-  2) W RIT E (6 y 3 0 0)
FORMAT(1X y12 y1OE12 * 4/(3X y1OE
WRITE(16y300) INDEX(I)y(COV(
CONTINUE
IF(IPRT*EQ + -2) WRITE(6y304)
FORMAT(/' CORRELATION MATRIX
WRITE(16y304)
DO 131 I^lyKIP
IF(SE(!)+EM»0+0) GO TO 132
DO 129 J^lyKIP
IF(SE(J)+E«+0,0) GO TO 129
COV (I y J ) -»COV (I y J) / (SE (1) *SE (J) )
CONTINUE
IFdPRT + E«,-2) WRITE(6y300) INDE
WRITE(16y300) INDEX(I)y (COVdy J)
GO TO 131
COVdy I)=l»0
GO TO 133
CONTINUE
WRITE(6y303)
FORMAT(/15H ** PARAMETER y 3X y 9H

! 31HSTD ERROR/PARAMETER (UNSCAL
WRlTE(16y303)
DO 126 ]>lyKIP
SECn-cRMSERRXSEd)
IF(SP»GT»0) SE(I):'-Cd)>KSEd)
SEC."'::SEd)/Cd)

WRITE(6 y 300) INDEX(1)y C(I)y SE(I)

133

132

131
125
303

(COV( 
KIP)

yJ-»lyKIP)

ISTD ERROR y3Xy 
.ED) )

WR I TE ( 1 6 y 300 ) I NDEX ( I) y C ( I ) y SE (
CONTINUE
DO 600 I-lyKIP

ySEC 
) y SEC

IFdP + E«,0) GO TO 601 
PUT SOL C AND BFIX TOGETHER

IM'::-'()

DO 127 1-1yK

DO 128 J=lyIP 
IFd*E«»IB(J)) GO TO 127

FOR SUBEND USE

000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000

27230 
27240 
27250 
27260 
27270 
27280 
27290 
27300 
27310 
27320 
27330 
27340 
27350 
27360 
27370 
27380 
27390 
27400 
27410 
27420 
27430 
27440 
27450 
27460 
27470 
27480 
27490 
27500 
27510 
27520 
27530 
27540 
27550 
27560 
27570 
27580 
27590 
27600 
27610 
27620 
27630 
27640 
27650 
2/660 
27670 
27680 
27690 
27700 
27710

2/730
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Paae 79

127
601

CONTINUE
IM^IM-fl
H(IX;(1M)
CONTINUE
CALL SUBENIK YxX?H?KyN ? TITLEyl>
IF(ISTOP,EQ*1) GO TO 999
READ(5v4) TITLE
DO 1.000 IKI. y20 

1000 B(I)-0+0
DO TO 6

C- FOLLOWING CALL ONLY Ft 
999 CALL CLOSE....FILEC --f 
C STOP

RETURN
END

HONEYWELL MULTICS SYSTEM!

000
000
000
000
000
000
000
000
000
000
000
000
000
000
000

27740
27750
27760
27770
27780
27790
27800
27810
27820
27830
27840
27850
27860
27870
27880

SUBROUTINE FPXSSQ ( Cy N y KIP y F)
- -CALCULATES RESIDUAL VECTOR F(N) FOR 'ZXSSQ' (EXTERNAL FPXSSQ) FOR 
UNSCALED CXKIP) PARAMETER VECTOR AND DATA X(200y5) 9 Y(200) IN FIXDAT*

O INPUT VECTOR OF PARAMETERS (LENGTH KIP)
N--- NO, OBS* O 200

KIP- NO* PARAMETERS -K--IP (IP>^0)
F =     OUTPUT VECTOR OF (WEIGHTED) FUNCTION RESIDUALS (LENGTH N)

--CALLS 'FCODE' AS CODED FOR 'MARQRT' WITH FIXED DATA IN COMMON/FIXDAT

DIM ENS10 N C(1) 9 F(1)yP R N T(5)yS Q W T(2 00)»BIP(20)
COMMON/FIXDAT/Y(200) 9 X(200 9 5) 9 BFIX(20)y YMAX 91 IB(20) 9 I IP 9 NOBS f K
E Q u :i: v A L i;;: N c E < s Q w T c i > ? x < i«5 > >
IF(IIP.GT.O) GO TO 2
DO 1 I^ivN
CALL FCODE<YyXyC?PRNTyFFyI !':!.)
F(I)~SQWT(I)#(YC:i:)-FI:r )
RETURN
IM===0
DO 4 :i>:i.H<
BIPCD^BFIXCI) 
DO 3 J^lj-IIP
:i:F(ij;-Q*i:i:B(J)) GO TO 4
CONTINUE
IM-IM-fl
BIP(I)^C(TM)
CONTINUE
DO 5 :!>J.yN
CALL FCODECYyXyBIPypRNTpF-FjlMi)
F(I)-SQWT(l))K(Y(:i:)--FF)
RETURN
END

SUBROUTINE 
 INTERFACES TO

LNXSSQCC?N?KIPyF) 
 'FPXSSQ-' TO ALLOW FARMS IN LOG OR LINEAR

00027890 
00027900 
00027910 
00027920 
00027930 
00027940 
00027950 
00027960 
00027970 

/00027980 
00027990 
00028000 
00028010 
00028020 
00028030 
00028040 
00028050 
00028060 
00028070 
00028080 
00028090 
00028100 
00028110 
00028120 
00028130 
00028140 
00028150 
00028160 
00028170 
00028180 
00028190 
00028200 
00028210

00028220
00028230



M i..i 1 1 :i. c s It o c u iri e n t a t i o n 
Program rlQLMEMCPL

P a s e 8 0

SPACE OUTSIDE? BUT ALWAYS LINEAR WITHIN FPXSSQ 

  C A L !... S  ' F P SXXQ f ( A N D IN T U R N '' F C 0 D E f )

DIMENSION CCi.) yFCi.) yCTEM(20)
COMMON/PRT/TPRT
DO :l. I-lyKIP
CTEM(I)^EXP....(C(I) )
CALL. FPXSSQCCTEMyNyKIPyF}
RETURN
END

00028240
00028250
0 0 0 2 8 2 6 0
00028270
00028280
00028290
00028300
00028310
00028320
00028330
00028340
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Program MQLUEMCPL

A P P e n d i x 2 *  -      C o n ver s i o n t o o t h e r s y s t e m s

1 <  All lower--case letters used for parameters and Fortran 
names in this report should be changed to upper-case 
letters for most other systems *

2 «  Any of the f ol lowing Multics statements and/or calls 
should be deleted or replaced if converting to another 
system I

character*!": ( replace with loaical$n or delete)
c a 11 o p e n... (delete)
c a 11 c 1 o s e.... (delete)
e x p... (rep 1 a c e w i t h exp)
dexp... ( replace with dexp)
c e x p.... (rep 1 a c e w i t h c e x p)

3 * A11 M i..i 11 i c s e x p      u n derf 1 o w m e s s a ges w i 11 b e s LI ppre s s e d 
and the result set to 0«0 if the suggested operating 
steps are followed $ An equivalent method should be used 
f o r o t h e r s y s t e m s *

4* Subprograms ERRMSG and WARN should be changed according 
to the number of characters per word of the target 
machine (note that 4 char/word uses format A4 on the 
H o i"i eywe 11 M u 11 i c s s y s t e m y h o w e v e r y 5 c h a r/w o r d i s 
a s s u iTi e d i n t h e i n P u t P a r a m eter a r- r a y M S G) + S i m i 1 a r 
ch anges sh ouId be made y if nec es s aryy t o o ther character 
a r Y'- a y s a n d f o r m a t s t a t e m e n ts (e+g+y see s u b r o u t i n e 
IMSLMQM arrays TITLE and FMT)*

5+ Multics names greater than 6-characters (e«g* MQLVEMCPLy 
e t c) s h o Li 1 d be re n a m e d t o 6 o T i e s s c h a r a c t e r s f o r m o s t 
other systems +

6» To replace the 1MSL interface routines (IMSLMQy FPX8SQ? 
LNXSSQy arid a 11 calls to the IMSL Library) with the 
i"i o i"i 1 i i"i e a r 1 e a s t s « LI a r e s s u bpr o g r a m M A R Q R 1 (a v a i 1 a b 1 e i n 
Andersony 19 7 9 c) ? rep1a ce the m a i n program (1in es 
00005980-00006090) with the following code*

C NON-.TMSL MAIN PROGRAM USING MARQRT (ANDERSONy 1979) 
EXTERNAL FCODE y DUMMY.-PCODE y IEMCPL y EEMCPL 
C A L L M A F: Q R T (F C 0 D E y D U M M Y... P C 0 D E y 1E M C P L y E E M C P L) 
STOP 
END

Note* Subprogram DUMMY...PCODE is referenced as the second 
external parameter in the CALL MARQRT y but DUMMY...PCODE will 
n e v e r b e c a 11 e d since $ p a r m s i d e r =-1 s h o u 1 d b e u s e d (a n a 1 y t i c 
d e T' i v a t i v e s a T' e n o t u s e d i n .1! M S L. M Q y t h e p c o d e s u b p r o g r a m was 
n o t i"i e e d e d) « F o Y* systems r e o u i r i n g a 11 e x t e r n a 1 Y' e f e r e n c e s



i 11 :i. c s D o c u !Ti e n t s t :i. o n 
Program MQL.v'EMCPL

Pase 02

t o be a v a i 1 able (eve n i f PI o t c a 1 led) 
s u b P r o:»? r a m c o ij 1 d be LI s e d *

t h e f o 11 o w i n

SUBROUTINE I:IUHMY....PCODE<AVB?CMDH~:?IMjvK>
CALL ERRhSGC 'USE IDER-l f  > 2 y 6 9 16 ) 
END

I f c o n v e? T t i n 3 t o s u b P r o s r B m M A R Q i:< T y a 11 P a r a ITI e t e r s 
prefixed by an "#" apply? however? paY% ameters 
i o P t ? p a r1 m ( ) :   t"i s is? e P s y d e 11 a y a i"i d ITS a x f n c a n n o t be LI s e d i n 
this case* In addition to subprogram MARQRT? the followins 
s u b P r o si r a m s f r o m A n d e r s o n (19 7 9 b ) a r e r e « u 1 r e d ! G J R ? 
UNSCAL? and ASlNhU



I u 11 :i. c s D o c u m e n t a t :i. o n P a <3 e 8 3 
Program MOLUEMCPL

A p P e r, d :i. x 3 * -       "I" e s t P r o b I e in i n P u t / o u t P i..i t .1. i s t :i. n ti

T h e f o .1. .'I. o w i n a i n P u t f :i. .'I. e s ( f :i. 1 e 0 5 B n d f :i. .'I. e:). 0 ) w e r e u s e d
t o r u r, B t e s t P r o b X e HI o r\ B H D n e w w e 11. M u .11 :i. c s  ;;> w s t e m <  1' h e
o u t P i..i t 1 :i. s t i n a ( f :i. .1. e 16 ) f o .1. 1 o w s b e B :i. i"s i"i i n s-5 o i"i 111 e i"i e x t p a s e o

file05
mo 1 vemcp 1 test P rob I em ? model pa rms b() :::: * :i. ? »:!. y * 3 ? * 25 y * 8 ? :i. 00 
$ P a r iVi s fi :::: 22 yk ' '    6  > in :;- 2 s» s P ;::: J. y i d e T1:::: 0 y :i. P r^ t ::::  - 2 y :i. w t :::; 1 y 
b~:*09? «:f.5? *4v *2?lM:l..1.0iJi 
<4f10*0) 
$ i i"j :i. t in in :::: 2 y :i. o b :::: 5  > r I :::: 10 0 y s 1 :::: 10 0 y n n    "  2 y M. a s e :::: 2 y i c m P 1 x :::: 3. y ]. c iTf P 1 >-.  "' 

0,001295
 -7*4
0,00129
-8,49
0.001283
- 9,84

0,001276
-11*92
0,001268
- 15,9
0,001259
 -24,52

0,001246
-43,53
0,00122
- 83,23
0,001161
-156,84
0,00103
-265.64
0,0008052
-346,8

, 0 1
,01
,025
,025
,063
,063
,16
,16
,4
,4
1.
1,
2,5
2,5
6,3
6,3
1 6 ,
1 6 ,
40,
40,
100,
100,

1,
2,
1 ,
2,
1,
A'.. ,
.1,
2,
1,
2,
1 ,'".'

1 ,
2 *
1 ,
2,
 j

2,
1 ,
2. ,
1,
2 ,

f i 1 e 1 0

,00001
,1
,00001
,1
,00001
,1
,00001
,1
,00001
,1
,00001
,1
,00001
, .1
,00001
, 1
,00001
,1
,00001
, 1
,00001
, 1
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Prosram MQLUEMCPL

IE M C P L  mcalvemcpl test problem* model parms bO= * 1 » , 1 1 . 3* .25* .8* 100

m= 2 iob= 5 icmplx= 1 kase= 2 
sl= 0.100E+03 rl= 0.100E+03 tol= 0,100E-07

lcmplx= 2
fintll=.100E-03 inl= 1 mevl= 300 nfin* 1
fintl2=,100E-05 ir.2= 1 mev2= 300

li m s 1 m a   malvemcpl test problem* model parms bO=»1 * 1 *.3*.25*»8»100

n= 22 k= 6 ip= 0 m= 2 e= O.OOOE-fOO 
ialt= 10 istop= 1 iwt= 1 niter= 10 scalep= 1 
iprt= -2 iopt= 1 nsi3= 3 maxfn= 120 eps= O.OOOE-fOO 
delts= 0,OOOE+00 
psnr.=: 0.100E-01 0.200E+01 0.120E+03 O.lOOE-fOO

fmt=<4flO.O)

initial parameters

0.90000000E-01 0.15000000E+00 0,40000000E+00 0»20000000E-fOO 0.10000000E+01 
0*11000000E-f03 

Owarnin^ maxfn exceeded.

$$$$ iiTisliTiR convergence information?

norm of Gradient 0.36320558E+04
function evaluations 0.12100000E+03
est. sisn. dibits 0.21958871E+01
marousrdt parameter 0.21209739E-01
no. iterations 0.29000000E-f 02
type cnnversSence (infer) 0
error code <ier) 133 
residual sum-of-sauares (ssa)= 0.55422972E+02

#### final unsealed parameters

0.99836191E-01 0.97348635E-01 0.35017996E+00 0.23472579E+00 0.81935589E+00 
0.10534573E+03

scaled gradient

0.27038359E+04 -0*22346078E+04 -0.33793453E+03 -0.69155015E+03 0.38872346E+03 
0.37958121E+03



M u 1.1 :i. c s D o c LI m e n t a 11 o n 
Program MQLvEHCPL

i
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22

0.
-0.
0.

-0.

0.
-0.

0.
-0.
0.

-0.
0.

-0.

0.
-0,
0.

-0.
0.

-0.

0.
-0.
0.

-0.

obs.«< i )
129500E-02 0
740000E+01 -0
129000E-02 0
849000E+01 -0
128300E-02 0
984000E+01 -0
127600E-02 0
119200E+02 -0
126800E-02 0
159000E+02 -0
12S900E-02 0
245200E+02 -0
124600E-02 0
435300E+02 -0
122000E-02 0
832300E+02 -0
116100E-02 0
156840E+03 -0
103000E-02 0
265640E+03 -0
805200E-03 0
346800E+03 -0

eal
.130226E-02 -0.
,753648Ef01 0.
.129631E-02 -0.
.856146E+01 0.
.128972E-02 -0 .
.986402E+01 0.
.128249E-02 -0.
.119324E+02 0.
.127474E-02 -0.
.158902E+02 -0.
.126566E-02 -0.
.244754E+02 -0.
.125252E-02 -0.
.433425E+02 -0,
.122667E-02 -0.
.830257E+02 -0 .
.116612E-02 -0.
.157419E+03 0.
.103536E-02 -0.
.265391E+03 -0.
.811560E-03 -0.
.346893E+03 0.

res x< i r 1 > x< i r2>
726E-05 0.100000E-01 0.100000E+01
136E+00 0.100000E-01 0.200000E+01
631E-05 0.250000E-01 0.100000E+01
715E-01 0.250000E-01 0.200000E+01
672E-05 0.630000E-01 0.100000E+01
240E-01 0.630000E-01 0.200000E+01
649E-05 0.160000E+00 0.100000E+01
124E-01 0.160000E+00 0.200000E+0]
674E-05 0.400000E+00 0.100000E+01
985E-02 0.400000E+00 0.200000E+01
666E-05 0.100000E+01 0.100000E+01
446E-01 0.100000E+01 0.200000E+01
652E-05 0.250000E+01 0.100000E+01
187E+00 0.250000E+01 0.200000E+01
667E-05 0.630000E+01 0.100000E+01
204E+00 0.630000E+01 0.200000E+01
512E-05 0.160000E+02 0.100000E+01
579E+00 0.160000E+02 0.200000E+01
536E-05 0.400000E+02 0.100000E+01
249E+00 0.400000E+02 0.200000E+01
636E-05 0.100000E+03 0.100000E+01
931E-01 0.100000E+03 0.200000E+01

x < i » 3 >
O.lOOOOOE-04
0.100000E+00
O.lOOOOOE-04
0.100000E+00
0.100000E-04
0.100000E+00
O.lOOOOOE-04
0.100000E+00
O.lOOOOOE-04
0.100000E+00
O.lOOOOOE-04
0.100000E+00
0.100000E-04
0.100000E+00
0. 100000E-04
0.100000E+00
O.lOOOOOE-04
0, 100000E+00
O.lOOOOOE-04
0.100000E+00
O.lOOOOOE-04
0.100000E+00

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

) : ( i r 4 >
.OOOOOOE+00
.OOOOOOEfOO
.OOOOOOL' + OO
.OOOOOOE+00
, OOOOOOE+00
.OOOOOOE+00
.OOOOOOE+00
.OOOOOOE+00
.OOOOOOE+00
.OOOOOOE+00
.OOOOOOE+00
.OOOOOOE+00
.OOOOOOE+00
.OOOOOOE+00
.OOOOOOE+00
.OOOOOOE+00
.OOOOOOE+00
.OOOOOOE+00
.OOOOOOE+00
.OOOOOOE+00
.OOOOOOE+00
.OOOOOOE+00

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

wt(i)
.100000E+11
.100000E+03
.loooooE+n
.100000E+03
.100000E+11
.100000E+03
.100000E+11
.100000E+03
.100000E+1J
.100000E+03
.100000E+11
.100000E+03
.100000E+11
.100000E+03
.100000E+11
.100000E+03
.100000E+11
.100000E+03
.100000E+11
 100000E+03
.100000E+11
. 100000E+03

**** rmserr= 0. 1861 1651E+01

final sealed psrtisls (Jscobian)
1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

0.
-0.
-0.
-0.

0.
-0.
-0.
-0.

0.
-0.
-0.
-0.
0.

-0.
0.

-0.

0.
-0,
0.

-0.
0.

-0.
0.

-0.
0.

-0.

0.
-0.

0.
-0.
0,

 -0.
0.

-0.

0.
-0,
0,

-0.
0.

-0.

0.
-0,
0.
0,

98642883E+02
64437265E+01
97253989E+01
18125327E+03
98068936E+02
77899473E+01
97288013E+01
20050412E+03
97502064E+02
93184847E+01
972880I3E+01
21974923E+03
96609254E+02
11155544E+02
32448687E+01
23578922E+03
96084901E+02
12831324E+02
32419663E+02
24541321E+03
95376320E+02
14643846E+02
10374292E+03
25504294E+03
94703147E+02
16403775E+02
25287918E+03
26786345E+03
94277934E+02
18090073E+02
58029165E+03
28230374E+03
93902452E+02
19832483E+02

0.31646329E+02

0.19241101E+02

0.31555212E+02

0.16031380E+02

0.31639331E+02

0.16031380E+02

0.31464095E+02

0.19246843E+02

0.31478127E+02

0.25654802E+02

0.31415038E+02

0.35266739E+02

0.31520151E+02

0.41686182E+02

0.31730448E+02

0.19246843E+02

0.31639331E+02

11573326E+04 -0 . 14111289E+03
28715163E+03
93753632E+02
21164685E+02

0.28555285E+02

19777097E+04 -0.72467350E+03
10587252E+03
92208908E+02
18021045E+02

0.16555615Ef02

21201821E+04 -0. 19336876E+04
80203947E+03

0.35165714E+01 -0. 1836281 1E+01 0

0.92549404E+02 0 .51542303E+02 0

0.43102299E+01 -0. 12279366E+01 0

0.99668590E+02 0. 72159225E+02 0

0.52438661E+01 -0. 55199177E+00 0

0.10678140E+03 0.82467686E+02 0

0.56795736E+01 -0. 15769545E+00 0

0.11391971E+03 0. 92785375E+02 0

0.67220370E+01 0. 77734514E+00 0

0.12103252E+03 0. 10308461E+03 0

0.75312309E+01 0. 14532899E+01 0

0.12813258E+03 0. 10308461E+03 0

0.85114732E+01 0 . 22643775E+01 0

0.13527089E+03 0.92766917E+02 0

0.95695517E+01 0.29403223E+01 0

0.14235821E+03 0. 87635758E+02 0

0.10596559E+02 0.36049619E+01 0

0.92390067E+02 0. 20524634E+02 0

0.10736617E+02 0. 37176098E+01 0

-0.12808159E+03 -0. 31008440E+02 -0

0.67998732E+01 0.2191 1824E+01 0

-0.64081587E+03 -0.29886230E +03 0

.33600423E+01

.74988357E+02

.31959843E+01

.37460612E+02

.46712477E+01

.37460612E+02

.28682879E+01

.37527745E+02

.33600423E+01

.OOOOOOOOE+00

.28682879E+01

 37460612E+02

.28682879E+01

.37594879E+02

.49989440E+01

.OOOOOOOOE+00

.43435512E+01

.OOOOOOOOE+00

.40993523E+00

.36520740E+02

.12705055E+01

.75189758E+02



scaled covariance matrix (inverse of xJtJ)
1
'!>

3
4
5
6

0
0
0
0
0
0

.4763E-05

.7141E-05

.2942E-05

.3994E-04

.1320E-04

.2080E-04

0.7141E-05
0.2963E-04

-0.102&E-03
0.8143E-04
0.6041E-04

-0.5765E-05

0
-0
0

-0
-0
0

.2942E-05

.1026E-03

.&482E-03

.1723E-03

.1950E-03

.2218E-03

0,
0,

-0,
0,
0,
0.

3994E-04
8143E-04
1723E-03
5796E-03
1029E-03
1604E-03

0.
0*

-0,
0.
0.

-0.

1320E-04
6041E-04
1950E-03
1029E-03
1922E-03
2365E-04

0
-0
0
0-o
0

.2080E-04

.5765E-05

.2218E-03
 1604E-03
.2365E-04
.1734E-03

correlation matrix
1
o
3
4
5
6

*#
1
p
3
4
5
6

IE M

0
0
0
0
0
0

0
0
0
0
0
0
C

final

.1000EI01

. 601 IE f 00

.5295E-01
» 7602E+00
»4364E+00
.7238E+00

parameter
.9984E-01
.9735E-01
*3502E+00
.2347E+00
.8194E+00
, 1053E+03
P L    

unsealed

1 0,
2 0.

O.&OllE-fOO
0.1000E+01

--0.7407E+00
0.6214E+00
0,8006EiOO

-0.8042E-01

std error
0.4055E-03
O t 9862E-03
0.1659E-01
0.1052E-01
0.2H4E-01
0.2582E+01

0
-0
0

-0
-0
0

.5295E-01
*7407E+00
.1000E+01
.2811E+00
.5526E+00
*6617E+00

0,
0.

-0.
0.
0,
0,

7&02E+00
6214E+00
2811E+00
1000E+01
3083E+00
5059E-fOO

std error/parameter
0
0
0
0
0
0

 4062E-02
.1013E-01
.4738E-01
.4481E-01
.2580E-01
.2451E-01

mtalvemcpl test problem*

parameters  

99836191E-01
97348635E-01

rho<0>

0,
0,

-0.
0.
0,

-0.

4364E+00
8006E+00
5526E-fOO
3083E+00
lOOOE-fOl
1296E-fOO

0
-0
0
0

-0
0

.7238E+00

.8042E-01

.6617E+00

.5059E+00
,1296E-fOO
»1000E-f01

(unsealed)

model parms bO   tlrtli* 3*.

chardeabilita

25* .8*100

c

0.10016408E+02
0.10272358E+02 0 , 35017996E+ 00 0 ,23472579E+0'

0.10534573E+03

l«r depth 

1 0.10534573E+03

tau

0.81935589E+00


